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Coaaercial  enterprise  has  traditionally  regarded  profit 
as  a  priaary  activating  factor  in  decision  asking. 
Decisions  to  aaka  or  buy,  sell  or  lease,  invest  or  spend, 
are  usually  guided  by  the  notion  of  profit.  By  usinq 
profit,  or  a  suitable  surrogate,  as  a  aeasure  of  effective¬ 
ness,  decision  alternatives  are  readily  quantified.  in 
regard  to  setters  relating  to  logistics  support,  and  inven¬ 
tories  in  particular,  businesses  have  generally  sought  to 
ainiaize  their  costs.  Cost  ainiaization  is  a  reasonable 
surrogate  aeasure  of  effectiveness  ia  this  instance,  in  that 
reduced  costs  in  an  overhead  account  are  tantaaount  to 
increased  profits  --  the  underlying  objective. 

Historically,  the  Dapartaent  of  Defense  has  used  the 
saae  general  aodels  as  industry  to  establish  inventory 
levels  at  their  nuaerous  inventory  stock  points.  Clearly; 
the  objectives  of  the  Departaent  of  Defense  are  not  profit 
oriented.  This  obvious  fact  has  beei  duly  recognized  in  the 
recent  past  and  policies  have  shifted  accordingly.  The 
following  excerpt  froa  the  PT78  Defense  authorization  act  is 
evidence  to  this  fact. 

The  budget  of  the  Departaent  of  Defense  subaitted  to 
Congress  for  Fiscal  tsar  1979  and  subsequent  fiscal 
years  shall  include  data  projecting  the  effect  of. the 
appropriations  requests!  for  aaterlal  readiness  reguire- 
aents. 

Logistic  support  of  coaplez  weapon  systeas  is  a  large 
part  of  the  resources  to  readiness  problea  addressed  above. 
This,  together  with  other  high  level  directives  and  policy 
guidance,  has  provided  the  iapetus  for  the  developsent  of 
inventory  aodels  that  aeasure  hardware  perforaance  and 
aission  readiness  characteristics. 
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Additionally,  when  seeking  the  aost  affective  utiliza¬ 
tion  of  resources,  one  aust  know  where  those  resources 
should  be  placed  to  have  the  greatest  affect  on  the  total 
force  readiness  structure.  Optimizing  at  each  hierarchical 
level  of  an  organization  will  rarely  result  in  an  optimal 
strategy  for  the  whole.  In  response  to  this  need,  inventory 
models  have  been  developed  which  encompass  the  entire  supply 
system  rather  than  individual  levels,  or  echelons,  which 
make  up  the  supply  distribution  network. 

k  general  class  of  models  has  evolved  which  feature  both 
equipment  related  perfonance  objectives  and  multi-echelon 
supply  optimization.  Onf ortunately,  the  complex  modeling 
issues  involved  prohibit  the  usa  of  exact  mathematical 
representations  and  closed  fora  analytic  solutions.  It  is, 
therefore,  extremely  difficult  to  objectively  evaluate  the 
relative  merits  of  these  models.  In  this  thesis,  one 
approach  is  offered.  It  is  a  simulation  that  features  a 
multi-indenture,  equipment  -oriented  model,  Nulti-Echelon 
Technique  for  Evaluating  Operational  Bendiness  {HETEOR)  , 
that  generates  demand  on  an  integrated,  multi-echelon  supply 
system. 

Chapter  II  provides  a  brief  backround  and  some  common 
characteristics  of  multi-echelon  lodels.  An  objective 
shared  by  many  such  models,  operational  availability,  is 
discussed  in  some  detail.  Chapter  III  outlines  the  primary 
multi-echelon  simulation  models  currently  in  use  by  the 
Navy.  It  concludes  that  HETEOR  is  unique  in  its  ability  to 
assess  multi-echelon  inventory  models  and  the  supply 
system's  impact  on  weapon  system  performance  in  a  shipboard 
env ironment. 

In  Chapter  IT,  the  equipment  related  aspects  of  HETEOR 
are  presented.  The  hardware  system,  its  operation  and  meas¬ 
ured  performance,  is  modeled  through  the  use  of  TIGER,  a 
product  of  the  Naval  sea  Systems  Comiand.  TIGER'S  operating 
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characteristics  and  options  are  reviewed  and  discussed. 
Chapter  V  offers  a  detailed  presentation  of  the  METEOB  simu¬ 
lation.  The  potential  user  of  BEIEOa  is  provided,  in  the 
appendices,  with  the  docnaentation  necessary  to  understand 
and  exercise  the  sieulation. 

Finally,  in  Chapters  ?l  and  VII,  the  reader  is  provided 
with  aodel  validation  results,  concluding  remarks,  and 
recoaaendations  for  future  research. 


XI.  flm2=fi£9BI£E  IUIEI8U  SfiPEIrS 


1.  &  BRIEF  BISTORT 

Classical,  analytic  inventory  aoiels  have  been  in  use  in 
both  the  public  and  private  sectors  for  eany  years.  The 
earliest  and  perhaps  no3t  veil  icnovn  aodel  is  Wilsons 
Econceic  Order  Quantity  (EOQ)  for aula.  The  field  now 
abounds  with  a  aoltitude  of  variations  on  that  lodel,  but  at 
the  heart  of  each,  tvo  considerations  are  generally 
iaplicit:  (1)  the  objective  function  ainiaizes  the  total 
variable  cost  of  inventory,  and  (2|  given  a  hierarchical 
supply  r.etvork,  an  individual  inventory  stock  point  acts 
(optiaizes)  independently  of  its  source  of  supply,  lateral 
counterparts  and  custoaer3  in  terns  of  systea-vide  inventory 
levels. 

Tfie  tera  "aulti-echelo n"  first  appeared  in  the  litera¬ 
ture  in  1958  in  a  research  aeaorandua  by  &.  J.  Clark  of  Rand 
Corporation  working  under  contract  to  the  iir  Porce.  The 
aodel  used  dynaaic  prograaning  techniques  in  pursuit  of 
optiaality  but  Bade  no  claia  that  optiaal  solutions  would  be 
achieved.  Most  iapcrtantly,  however,  there  was  a  perceived 
need  to  integrate  the  inventory  stockage  policies  of 
ccaplex,  hierarchical  supply  systeas.  During  the  ensuing 
decade.  Band  Corporation  continued  research  in  the  field  of 
aulti-echelon  systeas,  and,  in  1965,  Craig  C.  Sherbrooke 
published  "METRIC:  A  Multi-Echelon  Technique  for 
Recoverable  Itea  Control"  [Ref.  11.  It  was  purported  to  be 
the  first  aulti-echelon,  aulti-itaa  aodel  proposed  for 
iaplenentation.  A  notable  feature  of  this  aodel  was  a  shift 
in  eaphasis  on  the  objective  function  froa  one  of  cost  aini- 
aizaticn  through  arbitrarily  assigaad  backorder  costs  to 
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that  of  system  performance  maxiaization. 
stated  (Bef.  1  ], 

Instead  of  computinq  stock  levels  on  the  basis  of  arti¬ 
ficial  estimates  of  holding  cost  rate  and  backorder 
cost,  this  approach  focuses  aanagaeant  attention  on  the 
entire  weapons  systea  so  that  an  appropriate  coabination 
of  systea  effectiveness  and  systaa  cost  can  be  selected. 

There  have  been  several  aalti-erhelon  models  developed 
since  that  tiae.  In  the  Department  of  Defense,  each  service 
has  adopted  different  aoiels.  although  each  service  has 
employed  aore  than  one  such  modal,  the  following  three 
deserve  mention: 

1.  Availability  Centered  Inventory  Model  (ACIH)  -  Navy 

2.  Multi-Echelon  Technique  for  Recoverable  Item  Control; 
Modified  (Mod-METRIC)  -  Air  Force 

3.  Selective  Stockaga  for  Availability,  Multi-Echelon 

(SESAME)  -  Army 

Soae  of  the  coaaon  characteristics  and  features  of  these 
models  are  discussed  in  the  paragraphs  that  follow. 

B.  CHAR ACTERIST ICS 

The  models  referred  to  above  have  been  developed  prima¬ 
rily  for  use  as  tools  to  be  used  in  the  determination  of 
inventory  levels  at  various  supply  echelons  for  complex 
equipments  and/or  hardware  systems.  The  number  of  echelons 
represented  can  be  as  few  as  two,  or  in  soae  cases,  may  be 
theoretically  unlimited.  A  typical  supply  echelon  structure 
is  shown  in  Pigure  2.1  . 

The  hardware  systems  are  typically  aodeled  as  a  hier¬ 
archical  series  of  coaponents  and  subsystems,  commonly 
referred  to  as  indenture  levels.  Again,  the  number  of 
indenture  levels  representable  by  any  particular  model 
varies,  but  is  generally  limited  to  two  or  thram.  In  most 


Figure  2.  1  Typical  Supply  Echelon  Structure. 

cases,  the  cceponents  ace  treats!  as  being  connected  in 
series  in  a  reliability  sense  and,  therefore,  a  failure  of  a 
component  results  in  failure  of  ths  system. 

Because  of  the  extrema  analytic  complexity  inherent  in 
multi-echelon  modeling,  closed-fora  solutions  to  the  prcblea 
are  impractical  for  implementation.  Therefore,  most  models 
in  use  today  rely  on  analytic,  highly  structured,  solution 
techniques  primarily  through  mathematical  programming. 

Another  characteristic  common  to  many  multi-echelon 
models  is  their  assumption  that  reordering  is  done  on  a 
one-for-one  basis,  and  that  an  echelon  may  only  be  resup¬ 
plied  from  a  higher  level  (i.e. ,  no  lateral  resupply).  As 
in  any  sodeling  effort,  assumptions  like  these  are  made  to 
enhance  the  model's  tract  ability.  However,  these  two 
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particular  assumptions  arm  clsarly  violated  in  real  world 
practice.  In  general,  reordering  is  done  with  economic 
order  quantities  of  soee  sort,  and  critical  equipment  fail' 
ures  will  invariably  result  in  lateral  resupply  if  necessary 
and  feasible.  The  effect  of  these  assumptions  has  not  been 
made  clear  in  the  literature. 

The  relative  merits  and  limitations  of  eulti'echelon 
models  versus  'conventional*  single  echelon  models  is  not  at 
issue  in  this  paper.  However,  the  following  points  deserve 
consideration.  One  characteristic  common  to  these  models 
that  has  limited  their  use  to  isolated  cases  rather  than 
full  scale  adaptation,  is  their  requirement  for  a  detailed, 
and  accurate  data  base.  Generally,  the  data  required  by 
these  models  is  not  readily  available  and  an  entire  manage¬ 
ment  information  system  (MIS)  would  have  to  be  structured 
and  implemented  to  support  a  aulri- echelon  inventory  model. 
On  the  other  hand,  these  models,  as  a  class,  possess  an 
extremely  strong  intuitive  and  analytic  appeal.  Not  only  do 
they  integrate  the  supply  system  so  as  to  represent  the 
various  interactions  between  echelons,  but,  they  also  focus 
management  attention  on  the  impact  of  a  supply  system  on 
weapon  systems  instead  of  piece  part  support. 

There  has  been  a  trend,  in  recent  years,  to  emphasize 
the  relationship  between  readiness  and  resources.  These 
models  endeavor  to  provide  a  framework  from  which  to  analyze 
that  relationship.  For  this  reason  alone,  they  warrant 
further  development,  study,  and  Investigation. 

The  next  section  discusses  the  measures  of  effectiveness 
used  by  the  multi-echelon  models. 


C.  THE  OBJECTIVE  FOICTIOf 


i*  0E4iaii2£fil  Aiailifeilili:  Digsassiaa. 

Historically,  the  sost  coaaon  measure  of  supply 
performance  has  been  requisition  effectiveness*  and  an  asso¬ 
ciated  seasure  of  stockout  risk.  For  a  given  itea,  it  is 
possible  to  calculate  the  probability  that  the  itea  will  be 
available  at  any  arbitrary  tiae.  Thus,  it  is  possible  to 
deteraine  inventory  levels  by  ainiaizing  the  total  variable 
cost  of  having  an  itea  in  inventory  subject  to  a  spacifiad 
stockout  risk,  cr,  to  solve  the  dual  problem  of  ainiaizing 
stockout  risk  subject  to  a  cost  constraint. 

Hulii-echelon  aodeLs,  on  the  other  hand,  generally 
purport  to  aeasure  system  effectiveness  vice  requisition 
effectiveness.  The  aost  ooaaon  vehicle  for  this  measurement 
is  operational  availability  (Aq)  .  Operational  availability 
has  been  defined  by  the  following  equation: 


HTBF 

A0  »  - - 

°  HTBF  ♦  HTTH  ♦  SLOT 

where, 

HTBF  is  mean  time  between  failure 

HTTR  is,  mean  tiae  to  repair  the  equipment 
subsequent  to  failure 

HLDT  is  mean  logistics  delay  tiae 


(2. 1) 


In  words,  operational  availability  is,  in  the  long  run,  the 
probability  that  an  equipment  will  be  available  when  needed. 
It  is  here  that  a  controversy  arises. 


^  ?$Muisition  effectiveness,,  any  b*  defined  as  the  prob¬ 
ability  that  a  requisition  will  be  satisfied  when  presented 
to  a  stock  point  activity. 


This  aeasure  has  been  criticized  for  its  total 
dependence  upon  eean  tines,  which  say  or  nay  not  be  relevant 
to  the  eission  at  hand.  Por  exaapla,  assuae  that  an  equip- 
aent  is  to  be  evaluated  on  the  basis  of  its  operational 
availability  where  an  acceptable  level  is  0.90.  Given  that 
the  equipaent  has  a  deaonst rated  HTBP  of  100  hours,  HTTP  of 
1  hour,  and  HLDT  of  9  hours,  the  calculated  k  is  0.92.  The 
equipaent  would  be  evaluated  as  having  an  acceptable  k0. 
However,  consider  that  the  equipaent  will  be  used  in 
aission  scenarios  which  have  120  hour  durations  and  that  all 
failures  are  catastrophic  and  result  in  aission  abort.  The 
acceptability  of  this  equipaent  is  now  open  to  question. 

Second,  one  of  the  key  assuiptions  aada  in  arriving 
at  the  steady  state  foraula  given  by  equation  2.1,  is  that 
unliaited  spares  are  available  to  effect  repairs  to  the 
equipaent.  This  seeas  soaewhat  incongruous  in  light  of  the 
fact  that  the  fcraula  is  used  to  isteraine  the  ‘nunber  of 
spares  to  be  allocated  to  achieve  a  stated  operational 
availability. 

Third,  although  equation  2.1  is  the  "accepted"  defi¬ 
nition  of  operational  availability,  the  definition  aay  be 
applied  differently  depending  on  the  scenario  at  hand,  when 
applied  to  hardware  systeas  and  their  component  subsysteas. 
Kaplan  presents  two  such  cases  [Ref.  2,  p.  18].  in  both 
cases  it  is  assuaed  that  a  coaponeat  failure  results  in 
systen  failure.  Consider  Case  k,  wherein  it  is  also  assuaed 
that  no  other  subsystea  or  coaponeat  can  fail  when  a  systen 
is  down.  In  this  case,  the  foraula  for  kQ  is  as  shown  in 
equation  2.1,  and  aay  ba  calculated  with  the  following 
equations: 


In  Case  B  it  is  assumed  that  component  failures  are  not 
affected  by  the  status  of  the  sjste*.  The  resultant  opera¬ 
tional  availability  for  the  system  is  then: 


HTBFi 


(2.3) 


w  i*1  MTBPi  ♦  STTRi  «•  SLDTi 
where,  i  represents  the  i-th  systea  conponent. 

On  applying  both  formulas  to  four  test  problems,  Kaplan 
found  that  there  was  no  significant  difference  in  A0  calcu¬ 
lated  by  the  two  methods.  However,  inspection  of  the  two 
formulas  revaals  the  potential  for  significant  differences. 

The  proceeding  paragraphs  are  offered  to  demonstrate 
that  there  is  a  need  to  seriously  consider  and  evaluate  the 
manner  in  which  the  objectives  are  quantified  in  any  given 
model.  As  a  matter  of  practical  concern,  howevar,  the  oper¬ 
ational  availability  measure  has  been,  and  is  being  used, 
with  varying  degrees  of  success  in  many  applications.  The 
following  paragraphs  will  iemoastrate  its  application  in  the 
three  specific  models  mentioned  previously:  ACIN, 
Mod-HBTHIC,  and  SESAM2. 

2.  fiBaaUajal  Aiaiii&ilitz:  4eelisaii£a 

Given  the  operational  availability  definition 
provided  in  equation  2.1,  it  is  readily  apparent  that  when 
holding  HTBF  and  HTTR  fixe!  ,  A0  is  aaxisized  by  minimizing 
BLOT.  Therefore,  the  most  common  form  of  the  objective 
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function  for  a  supply  nodal  is  to  aiaiaize  sots  measure  of 
requisition  daisy  tiae  (e.g.,  tiie-weighted  backorders) 
subject  to  a  constraint  on  investaent.  There  is  only  a  very 
subtle  difference  in  this  Regard  between  ACIM  and 
Hod-HBTBIC,  as  evidenced  by  their  objective  functions  which 
appear  in  Appendix  A.  M od-METBIC  siniaizes  tiae-weighted 
backorders,  and  ACIH  ainiaizes  time- weighted  backorders  per 
deaand.  Both  aodels  are  constrained  by  investaent.  The 
SESAME  aodel  is  soaewhaf  different.  The  objective  is  to 
aininize  total  variable  inventory  costs  (i.e.,  ordering  and 
holding  costs)  with  a  constraint  on  the  expected  number  of 
backorders.  The  constraint  is  placed  in  the  objective  func¬ 
tion  and  the  associated  Lagrangian  aultiplier  represents  a 
backorder  penalty  cost.  Proa  the  expected  nuaber  of  back¬ 
orders,  SESAME  calculates  the  overall  "average  logistics 
downtime"  and  uses  this  calculation  as  the  HLDT  for  input  to 
the  Ac  formula.  An  explicit  formulation  for  the  SESAME 
objective  function  appears  in  Appendix  A. 

3 .  other  Measures 


Although  operational  availability,  or  some  fora 
thereof  (e.g. ,  tiae-weight  ed  backorders),  •  is  the  prevalent 
measure  of  effectiveness  in  muiti-echelon,  multi-item 
modeling,  other  objectives  have  been  proposed  for  use.  The 
Air  Force  has  shifted  its  emphasis  in  some  of  their  more 
recent  models,  toward  a  measure  which  reflects  the  maximum 
number  of  sorties  which  are  capable  of  being  flown  at  any 
given  time.  Another  measure  which  is  used  in  a  commercial 
multi-echelon  package,  OPOS,  [Hmf.  3],  is  termed  "mission 
effectiveness",  and  can  be  thought  of  as  a  measure  of  system 
reliability.  OPUS  also  employs  other  measures  of  effective¬ 
ness  such  as  Aq,  risk  of  shortage,  aid  waiting  tiaes,  in  its 
various  applications. 


in.  AfiUI:S£SSlr2£  319SUXI2I 


A.  I BTBODUCT 10 I 

The  analytic  models  discussed  in  the  previous  chapter 
generally  serve  to  provide  actual  inventory  levels  for  each 
echelon  of  supply,  and  the  resultant  ’readiness'  aeasures 
associated  with  these  levels.  Sulti-echelon  siaulations 
have  been  developed,  in  large  part,  to  evaluate  the  sensi¬ 
tivity  and  effects  of  changing  various  parameters  upon 
readiness.  Generally,  siaulations  are  developed  to  repre¬ 
sent  systems  and  events  which  are  too  complex  to  analyze 
analytically.  The  analytic  aulti-echelon  models  in  use 
today  are  not  exact  treataents;  they  are  heuristic  and, 
therefore,  may  not  provide  globally  optiaal  solutions  to  the 
problems  they  endeavor  to  solve.  When  additional 
constraints  and  eabellishaents  are  added,  even  a  heuristic 
treatment  often  becomes  iatractibla. 

By  their  nature,  simulations  only  provide  estimates  to 
the  performance  aeasures  of  interest.  Repeated  sampling 
improves  upon  this  estimate,  but  even  with  a  very  detailed 
model  that  is  run  many  times,  there  is  no  guarantee  that  the 
estimate  will  be  an  accurate  representation  of  the  real 
world.  The  objective,  rather,  is  to  have  *:he  facility  to 
compare  many  systems  and/or  policies  under  controlled  condi¬ 
tions.  These  conditions  should  represent  the  salient 
characteristics  cf  the  environment  in  which  those  systems 
and  policies  will  be  operating. 

In  the  next  section  of  this  chapter,  four  multi-echelon 
siaulations  which  have  beea  developed  for,  and  used  by  the 
Havy  are  examined.  In  the  final  section,  the  need  for 
another  such  model  is  established,  and  a  new  model,  3ETE0B: 
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Multi-Echelon  Technique  for  Evaluating  Operational 
Beadiness,  is  introduced. 

B.  CUBBEIT  MODELS 

1 .  fiaascai 

Multi -echelon  siealations  have  been  developed  as 
tools  to  aid  in  the  evaluation  of  alternative  supply  poli¬ 
cies  which  affect  the  eater ial  readiness  of  hardware 
systems.  it  issue  aay  be  the  datermination  of  various 
inventory  and  recrder  levels,  transportation  methodologies, 
budgets  or  any  ether  nuaber  of  supply  related  parameters. 
In  this  context,  the  systaas  being  supported  aay  range  froa 
relatively  siaplc  equipments  to  entire  fleets  cf  ships  or 
aircraft.  In  a  quest  to  quantify  its  readiness  posture,  the 
O.S.  Navy  has  sponsored  and/or  developed  a  number  of  readi¬ 
ness  assessment  type  simulations.  In  general,  these  aay  be 
partitioned  into  two  groups:  equipment  and  supply.  The  two 
groups  are  distinguished  by  their  measures  of  effectiveness 
which  are  characteristically  equipment-oriented  in  one  case 
and  supply-oriented  in  the  otker.  Ml  models  discussed  are 
Monte  Carlo,  discrete  event  simulations. 

2.  Ships.  SU£Bl£  Study  (S4) 

This  simulation  was  developed  in  the  early  1970's  in 
response  to  a  Chief  of  Naval  Operations  (CNO)  call  for  an 
automated  model  which  would  relate  dollar  outlays  to  fleet 
capabilities.  Surface  forces  of  the  Sixth  Fleet  fora  the 
basis  and  operating  scenario  for  the  model.  ?our  echelons 
of  supply  are  represented  and  modeled  in  great  detail.  Each 
discrete  echelon  model  embodies  the  actual  forecasting  and 
replenishment  routines  that  were  in  current  use  by  the  Navy. 
Each  echelon,  however,  is  treated  independently  of  the 
others.  They  are  linked  together  only  in  the  final  analysis 


by  aeans  of  a  synthesizer  which  computes  systea  performance 
statistics  as  a  function  of  the  output  of  each  achelcn.  The 
output  offers  various  asasures  of  supply  effectiveness.  S4 
did  not  aodel  an  equipment  repair  process  or  pipeline. 
Because  of  the  detail  aodeled  at  each  echelon,  the  data  base 
required  was  extensive  and,  consequently,  the  aodel  has  been 
considered  cuabersoae  and  Uniting. 

3.  nia&iaa,  b£laal  i il  iskacs  4U2sa2.cs  aaalzass  ilk) 

The  51  siaulation  was  a  follow-on  to  the  S4  study. 
It  was  also  sponsored  by  the  CNO  to  evaluate  resources  and 
their  inpact  on  readiness.  This  effort  shifted  the  scenario 
fron  a  shipboard  environient  to  the  Naval  aviation  supply 
coiaunity.  The  51  study  aodeled  three  echelons  to  reflect 
typical  Seventh  Pleet  aviation  resupply,  transportation,  and 
coaaunication  channels.  Is  with  the  S4  study  the  echelons 
are  treated  independently  being  linked  together  by  neans  of 
a  synthesizer.  Output  13  supply  oriented  and  data  base 
requirements  are  extensive.  The  individual  echelon  models 
aay  be  used  independently  for  analysis  of  probleas  at  any 
particular  echelon  desired.  1  aajor  difference  between  51 
and  s4,  is  51* s  explicit  treatnent  of  repairable  naterial 
and  the  repair  pipeline. 

S£E£IS2 « 

Unlike  the  supply  oriented  S4  and  51  simulators,  the 
Siaulation  Package  for  Evaluation  of  Carrier  Techniques, 
Beadiness,  Utilization  and  Haintenance  (SPECTRUM) ,  is  equip¬ 
aent  and  systea  oriental.  It  aodels  an  equipment's 
configuration  in  terns  of  its  components  and  provides  output 
in  the  fora  of  equipaent  availability  and  reliability.  It 
was  developed  under  sponsorship  of  the  Naval  lir  Systems 
Command,  Beadiness  Improvement  Offica. 


SPECTRE N  is  a  highly  coupler,  aodularized,  discrete 
event  siaalation  designed  to  project  readiness  values  for 
Haval  airborne  weapons  systeas  as  a  function  of  their  total 
logistics  support  systsa  and  operational  eaployaent.  The 
aodules  are  classified  in  two  groups,  PRISM  and  BETIHA.  The 
PRISH  group  siaulates  organizational  and  ingeraediate  level 
aaintenance  and  local  aviation  supply.  RETINA  siaulates 
depot  level  aaintenance  ann  its  associated  supply  and 
distribution  network.  The  PRISE  group  consists  of  the 
following  aodules  which  can  be  run  aither  independently  or 
collectively: 

IMAGE  -  encoapasses  the  aaterial,  physical,  personnel 
and  procedural  processes  involved  with  aviation  inter- 
aediate  level  aaintenance 

PEER  -  siaulates  reaoval  of  aircraft  engines  and  the 
handling  of  the  failed  engine  and  its  replaceaent. 

OPTICS  -  siaulates  the  effect  of  organizational  level 
aaintenance  and  supply.  Includes  aircraft  handling, 
squadron  aanpower,  supply  responses,  eguipaent  reli¬ 
ability  and  operational  requireaents. 

LASER  -  aodels  and  analyzes  sipply  performance  as  a 
function  of  initial  stock  levels,  deaani  and  supply 
policies. 

The  level  of  detail  in  SPECTRUM  peraits  studies  of  a 
very  specific  nature.  Changes  to  personnel,  test  equip- 
aents,  supply,  reliability,  aaintainability,  operating 
characteristics  and  budget  constraints  can  be  evaluated  and 
their  iapact  on  readiness  predicted. 

SPECTRUM  is  generally  considared  to  be  a  aaintenance 
■odel.  Technically,  however,  it  aay  be  considered  also  a 
aulti-echelon  supply  nodal  due  to  the  fact  that  it  aodels 


the  end  use  echelon  which  is  supported  by  a  conglomerated 
'higher'  echelon.  Howe war ,  specific  requisition  channels 
are  not  employed  and  its  usefulness  as  a  aulti-achelon  model 
is  therefore  Halted. 

5.  siflOi&iics  01  i  hOiUHQS  sggpgfii  SISISS 

This  simulation  was  developed  in  a  research  effort 
by  the  George  Washington  University  Logistics  Pesearch 
Project  under  sponsorship  of  the  Havy  Special  Projects 
office.  The  simulation  is  acre  specific  in  nature  than 
those  preceding  in  that  it  deals  exclusively  wirh  the 
Polaris  weapon  systea.  Although  the  simulation  uses  actual 
outfitting  allowances  as  an  input  to  the  model,  it  does  no 
configuration  modeling  and  should  therefore  be  considered 
supply  oriented. 

Unlike  5 A  and  S4 ,  however,  this  model  recognizes  the 
inherent  dependence  among  supply  echelons  and  models  the 
supply  system  accordingly.  The  four  echelons  modeled 
include  up  to  nice  end  use  activites  (submarines) ,  a  subma¬ 
rine  tender,  an  ashore  depot,  and  the  ultimate  sources  of 
supply  —  the  manufacturer  and  repair  facility.  It  offers 
three  alternative  modes  of  operatioa.  In  the  first,  the 
submarine  echelon  may  be  studied  independently  of  the 
others.  second,  to  estimate  readiness  degradation  as  a 
function  of  time,  submarines  may  ba  supported  by  the  higher 
echelons  for  a  specified  time,  after  which  all  resupply  from 
upper  echelons  is  terminated.  Third,  it  is  possible  to  vary 
depot  stocks  during  the  simulation  in  an  effort  to  simulate 
policies  associated  with  the  budgeting  process. 


C.  PROPOSED  HO  DEL:  METEOR 

i  -  Eai£2ss  sal  SkiasUisi 

Initially,  there  was  but  one  intended  purpose  for 
the  development  of  a  new  aulti-9chelon  siaulation;  to 
provide  a  common  framework  froa  which  **.0  analyza  and  coapare 
the  various  analytic  aodels  discussed  in  Chapter  II.  It  was 
shown  tha'c  those  aodels  vary  in  thair  assumptions,  their 
structure,  and  their  objectives,  and  that  siaulation  is  an 
acceptable  vehicle  for  performing  side-by-side  comparisons 
of  these  models.  Furthermore,  it  was  demonstrated  in 
Chapter  II. C.  1.  that  the  prime  objective  of  those  models  is 
equipment  oriented.  That  is,  they  attempt  to  reflect  the 
interrelationships  of  the  components  which  comprise  the 
system.  Supply  performance  is  then  measured  by  its  ability 
to  keep  the  system  operational.  The  author  is  unaware  of 
any  current  siaulation  that  combines  both  hierarchical 
equipment  configuration  data  and  multiple  supply  echelons 
with  enouqh  detail  to  accurately  assess  equipment  readiness 
in  a  aulti-echelcn  supply  environment. 

Another  basic  purpose  for  the  use  and  development  of 
this  simulation  came  to  light  in  the  course  of  this 
research.  The  Navy  does  not  currently  have  a  model  that 
will  evaluate  the  impact  of  changes  in  supply  related  param¬ 
eters  on  shipboard  weapon  sysxem  ’readiness'.  The  SPECTRUM 
model  has  a  wide  range  of  variable  input  parameters, 
including  supply,  and  has  been  used  successfully  in  the 
assessment  of  hardware  system  readiness.  However,  its  lack 
of  multi-echelon  supply  realism  has  been  noted  and,  further¬ 
more,  the  simulation  is  very  much  limited  to  airborne  weapon 
system  applications.  In  its  current  state,  METEOR  is 
capable  of  assessing  weapon  system  readiness  as  a  function 
of  the  system  configuration,  the  equipment  reliability,  the 
repair  process,  the  mission,  and  the  logistics  support 
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system.  With  the  enhancements  outlined  in  Chapter  VII,  this 
capability  could  be  greatly  expanded. 

2.  Has  &&£  Stsasfcscs 

Siailar  to  the  siaalation  models  discussed  above, 
HETEOR  is  a  Honte  Carlo,  discrete  event  simulation.  The 
siaulation  code  is  written  in  the  PORTR AN  I?  programming 
language.  It  has  two  priiary  units:  the  equipment  config¬ 
uration  and  hardware  system  evaluation  unit,  and  the 
multi-echelon  supply  and  supply  ef f acti veness  UQit. 

The  first  unit,  equipment  configuration,  is  named 
TIGER.  It  is  the  product  of  previous  work  done  by  the  Naval 
Sea  Systems  Command  (HA? SEA)  Readiness  3ranch  in  1979 
[Ref.  4], 

TIGER  is  a  generic  name  for  a  family  of  computer 
programs  which  can  be  usad  to  evaluata,  by  siaulation,  a 
complex  system  in  order  to  estimate  various  readiness  meas¬ 
ures.  TIGER  is  being  used  on  a  stand  alone  basis. by  NAVSEA 
to  evaluate  Reliability,  !fa intainabil.it y.  Availability  (RMA) 
performance  characteristics  of  new  ship  classes  [*ef.  5> 
TIGER  will  allow  virtually  an  unlimited  range  of  shipment 
configurations  tc  be  modeled,  from  very  broad  system  repre¬ 
sentations  to  the  minute  details  of  piece  parts.  A  more 
detailed  analysis  of  the  TIGER  model  is  provided  in  Chapter 
I?. 

The  secord  unit,  multi-echelon  supply  (MOLTE)  ,  was 
developed  to  satisfy  the  objectives  outlined  in  Section  1, 
above.  Basically,  it  models  up  to  five  echelons  of  supply, 
which  can  be  varied  to  suit  the  user's  scenario.  It  is 
capable  of  modeling  up  to  30  end-use  activities  (i.e., 
ships).  From  one  to  15  ships  may  be  positioned  on  the  east 
or  west  coast.  Requisition  channels  are  determined  by  the 
ship's  coast  and  its  operating  mode,  of  which  there  are 
three:  (1)  operations  within  the  continental  Baited  States 


(COHOS) ,  (2)  operations  "outside  CORDS  without  Mobil? 
Logistic  Support  Porce  ( MLS F)  support,  and  (3)  operations 
outside  COHOS  with  MLSP  support.  k  generic  repair  facility 
and  the  associated  repair  pipeline  is  aodeled  for  each 
coa  st . 

The  two  units  are  cosbined  to  fora  METEOR.  TIGER 
generates  equipaent  coaponent  failures  (deaands)  and  accumu- 
lates  equipaent  readiness  statistics  based  on  the 
equipaent's  operational  status.  Given  a  demand,  MOLTE  will 
process  the  reguireaent  through  the  supply  echelons,  order 
replacements  for  stock  whan  necessary,  and  return  a  supply 
response  time  (S ST)  to  TIGER.  The  component  is  restored  to 
operational  status  when  the  replacement  is  received  and 
installed.  &  detailed  analysis  of  METEOR,  in  particular  the 
multi-echelon  unit,  is  contained  in  Chapter  V. 

3 .  Adiaataggs 

METEOR  is  unique.  Thera  are  similarities  between 
METEOR  and  SPECTPOM,  however,  they  are  designed  around  two 
very  different  supply  and  maintenance  networks.  The  Navy 
has  no  other  simulations  which  integrate  a  hierarchical 
sysxem  configuration  with  a  multi-echelon  supply  system. 

METEOR  has  a  significant  capability  for  modeling 
flexibility,  as  will  be  seen  in  the  following  two  chapters. 
The  potential  user  has  an  extremely  wide  range  of  modeling 
options  which  may  be  employed  to  build  a  detailed  scenario. 
Indeed,  the  number  of  user  options  are  sc  great  that  this 
'advantage*  may  actually  be  a  hindrance  to  the  uninitiated 
user  when  first  attempting  to  exercise  the  simulation. 

The  primary  advantage  of  METEOR,  however,  lies  in 
the  fact  that  it  provides  a  tool  that  heretofore  did  not 
exist.  It  will  allow  the  interested  analyst  to  sake  direct 
comparisons  and  to  evaluate  the  relative  performance  of 
analytic  multi-echelon  inventory  models. 


17.  zx§££ 


1.  INTRODUCTION 

This  chapter  provides  an  overview  of  the  NAVSEA  TIGER 
simulation  and  the  eodif ica rions  resulting  froa  integrating 
the  multi-echelon  supply  simulation.  Excellent  documenta- 
tion  for  TIGEB  in  its  stand-alone  fora  aay  be  found  in  the 
TIGER  Manual  [Bef.  6].  IIGER  was  amended  foe  use  on  the 
Naval  Postgraduate  School  computer  in  1980  by  Leather 
[Bef.  7].  It  was  further  modified,  for  application  on  the 
IBM  System  3033,  by  O'Rsilly  [Bef.  8].  O'Reilly's  work 
necessitated  sore  minor  adjustments  to  TIGER  output  to 
facilitate  his  particular  application.  These  adjustments 
have  been  removed  to  keep  TIGEB  in  basically  its  original 
form.  For  random  number  generation,  TIGER  calls  on  the 
LLR ANDOMII  random  number  generator  ’Bef.  9].  The  complete 
set  of  computer  programs  which  comprise  TIGER,  and  a  compre¬ 
hensive  variable  listing,  are  contained  in  Appendices  B  ana 
D  to  Reference  7  respectively.  Portions  of  the  TIGER 
program  which  have  been  changed  to  implement  METEOR  are 
included  in  Appendix  E  of  this  thesis. 

B.  OPERATION 

1 •  ££&££&! 

In  TIGEB,  a  string  of  random  numbers  is  used  to 
generate  simulated  equipment  times  to  failure  (TTF)  and 
times  to  repair  (TTB) .  Based  on  the  system  configuration  of 
coiponent  equipments,  tha  system  'up'  and  'down*  times  are 
determined,  and  various  readiness  leasures  are  calculated. 
The  simulated  mission  is  repeated  a  number  cf  tines.  The 


readiness  measures  are  aggregated  foe  each  aission,  and  an 
average  is  calculated  to  provide  a  statistical  estimate  of 
the  actual  systea  perfocaance  characteristics. 

Failure  and  repair  tiaas  ara  dravn  fros  exponential 
distributions  with  paraasters  being  Bean  tire  between 
failure  (HTBF)  and  aean  tiae  to  repair  (HTTB)  for  the  given 
equipaent.  it  the  beginning  of  each  aission,  all  eguipaents 
are  assigned  TTF's  based  on  their  HTBP's  and  a  random  draw. 
The  TTF's  are  placed  chronologically  in  an  event  queue.  The 
first  tiae  to  failure  is  accessed  and  the  siaulation  clock, 
is  advanced  to  the  corresponding  event  tiae.  k  TTR  is 
generated  for  this  equipment  again,  based  on  its  assigned 
M TTR  and  a  randca  draw.  The  TTR  is  added  to  the  current 
time  (ana  flagged  to  identify  it  as  a  repair  time),  and  this 
new  evert  time  is  placed  chronologically  in  the  event  queue. 
This  process  continues  until  the  next  event  time  exceeds  the 
end  of  mission  time,  at  which  point  the  current  aission  is 
terminated  and  a  new  one  is  started. 

The  number  of  missions  to  be  run  is  determined  by 
the  user  in  one  of  two  ways.  In  the  first  case,  he  may 
specify  a  fixed  number  of  missions  to  be  run  (from  50-1000 
in  increments  of  50) .  In  the  second  case,  the  user  speci¬ 
fies  a  target  and  lower  confidence  liait  for  the  system 
reliability  performance  measure,  missions  are  run  in  incre¬ 
ments  of  50,  and  system  reliability  is  computed  after  each 
increment.  If  the  target  is  achieved  prior  to  a  specified 
number  of  missions,  the  system  meats  reliabiltiy  require¬ 
ments,  and  execution  is  terminated.  If  the  system  does  not 
attain  the  lower  confidence  liait  prior  to  the  specified 
maximum  number  of  missions,  the  systea  fails  its  reliability 
requirement,  and  execution  is  terainated. 


2.  fiaaiEitai  ghaagtitigtiss  ia4  azsiai  ggaSiaatatios 


The  hardware  system  under  scrutiny  is  divided  into 
subsystems,  and  the  subsystems  further  divided  into  any 
level  necessary  to  depict  the  systee  in  accord  with  the 
user's  requirements.  The  lowest  level  identified  is  termed 
an  "equip aer.t  type"  and  aust  be  assigned  a  HTBF ,  HTTB,  and 
the  percent  of  tiae  it  will  be  used  In  the  systee.  The  aost 
convenient  method  for  depicting  the  systea  is  to  construct  a 
reliability  block  diagram  such  as  that  shown  in  figure  4. 1  . 
Each  block  in  this  diagraa  can  be  idectified  as  being  in 
either  an  ud  or  down  state  at  any  given  tiae.  By  tracing 
through  the  various  component  states,  it  is  possible  to 
determine  the  overall  system  status  as  being  either  'up'  or 
'down ' . 

3 .  Mission  Timeline 

Each  mission  is  made  up  of  a  sequence  of  operational 
phases  of  user  specified  duration  that  describe  the  mission 
scenario.  In  each  phase,  the  equipment  nay  be  configured 
differently  and  operated  under  various  conditions.  TIGER 
will  recoqoize  up  to  six  different  phase  types  in  a  mission. 
Up  to  91  phase  types  nay  be  strung  together  in  any  order 
desired  to  represent  the  mission  to  be  completed.  For 
example,  if  the  user  desires  to  represent  a  mission  that 
coasists  of  transit,  alert,  and  engagement  phases,  it  would 
be  possible  for  TIGER  to  vary  the  weapon  system's  operating 
mode  during  each  phase  type.  This  feature  provides  TIGER 
the  capability  fcr  modeling  complex  mission  scenarios. 


C.  PERFORMANCE  MEASURES 


Oyer  the  coarse  of  each  mission,  TIGER  accumulates 
yarious  statistics  which  are  used  to  coepute  four  perform¬ 
ance  estimators.  They  ara: 

1.  Reliability 

Estimated  reliability  is  the  probability  that  a 
system  will  perform  satisfactorily  for  an  entire  mission. 

Mr.  of  Mission  Failures  (Aborts) 

SEL  (Estimate)  *  1  - -  (4.1) 

Total  Mr.  of  Simulated  Missions 

2.  Instantaneous  Availability 

Estimated  instantaneous  availability  is  one  of  two 
availability  measures  used  in  TIGER.  Instantaneous  avail¬ 
ability  is  the  probability  that  a  system  will  be  in  an  up 
state  at  a  specific  point  in  time.  It  is  calculated  at  the 
beginning  and  end  of  each  phase.* 

Humber  of  Missions  Dp  at  Time  (t) 

A  VA  INST  »  - - - r -  (4.2) 

(Estimate)  Total  Number  of  Missions  Simulated 


3.  Average  Availability 

Estimated  average  availability  is  the  probability 
the  system  will  te  in  an  up  state  at  a  random  point  in  time. 
This  measure  corresponds  to  the  operational  availability 
measure  discussed  in  paragraph  II.C.1. 


AT  A  AVERAGE  * 
(Estimate) 


Total  systei  Optime 
Total  Mission  Time  for  all  Simulations 


(4.3) 


4.  Readiness 

Estimated  readiness  is  defined  in  TIGER  as.  the  prob¬ 
ability  that  the  systei  will  be  in  satisfactory  operating 
condition  at  a  random  point  in  time.  Satifactory  operating 


♦Although  one  phase  begins  where  a  previous  ends, 
instantaneous  availability  value  miy  be  different  if 
system  states  are  different  in  the  two  phase  types. 


the 

the 
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condition  is  considered  to  be  whan  there  is  neither  a 
■ission  abort  ncr  a  systae  down.  When  a  aission  abort 
occurs,  the  systea  will  cot  recover  to  an  up  state  for  the 
reaainder  of  the  aission. 

Downtime  Prior  to  aission  Abort 
Time  after  aission  Abort 

RED  (Estimate)  * -  (4.4) 

Total  Mission  Tiae  for  all  Sianlations 

Figure  4.2  provides  sample  calculations  for  reliabilty, 
availability,  and  readiness  perforaance  aea suras. 


Calendar  time 


Downtime  (AV  A) 
Uptime  (AVA) 
Availability 


Downtime  (RED) 
Uptime  (RED) 
Readiness 


Mr.  Missions 
Mr.  Successf 
Missions 
Reliability 


Mission 

Mission 

Simulation 

1  1 

I  2  |  Total 

103  )  103  |  200 

14  1 

21 

86  i 

179 

.86  | 

.895 

7 

83  | 

87 

93  I 

23 

113 

.93  | 

.23 

.565 

1 

1 

2 

1 

0 

1 

1.3 

0.3 

0.5 

Figure  4.2  Perforaanca  Measures:  Sample  Calculations. 
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D.  omois  AID  SPECIAL  FEATURES 


TIGER  has  a  number  of  user  options  that  allow  for  added 
realise  in  scenario  development.  Soee  of  these  features 
have  been  exercised  in  the  course  of  this  research,  while 
others  have  been  held  constant  or  suppressed.  Following, 
are  brief  descriptions  of  the  available  features.  The  TIGER 
danual  should  be  consulted  for  additional  derails. 

1)  Logistic  System.  In  its  stand  alone  node,  TIGER  allows 
for  spares  tc  be  drawn  froa  three  levels  of  supply. 
Inventory  levels  and  dslay  tines  for  shipaent  from  one 
echelon  to  another  are  input  parameters.  Unlimited 
spares  is  also  an  option.  This  is  not  to  be  construed  as 
a  aulti-echelcn  supply  systea,  as  there  is  no  interaction 
between  echelcns  and  no  reorder  capability. 

2)  TIGER/HANNING.  A  separate-  program  is  available  to 
measure  the  effects  of  manning  levels  and  maintenance 
personnel  on  equipment  performance.  This  option  was  not 
used  and  is  not  included  in  the  current  simulation 
package. 


3)  Variable  Duty  Cycle  and  Variable  1TTR.  The  variable  duty 
cycle  option  allows  the  user  to  assign  different  MTBF's 
in  different  mission  phases  for  the  same  equipment. 
Variable  HTTR  is  essentially  the  same  option  for  repair 
times. 


4)  HTBF  and  HTTR  Hultipliars.  These  options  change  HTBF  or 
HTTR  across  the  entire  mission  timeline  and  are  useful  in 
sensitivity  analysis  and  in  determining  lower  and  upper 
bounds  on  simulation  estimators. 
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5)  Equipment  Operating  Rules.  The  user  has  the  option,  when 
establishing  the  equipaant  configuration  for  each  phasa, 
to  place  equipments  in  either  aa  operating  or  standby 
condition.  Equipments  can  only  fail  when  thay  ara  oper¬ 
ating.  These  rules  also  offer  the  facility  to  more 
realistically  model  the  system,  subsystems,  and  equip¬ 
ments  as  they  would  function  whan  connected  in  series  or 
parallel  fashion. 

6)  Allowable  Downtime.  This  option  allows  the  system  and/or 

subsystems  to  be  functionally  operative  for  a  period  of 
time  even  though  the  group  has  changed  to  a  down  state. 
During  this  time,  if  repairs  ara  lade,  system  performance 
measures  will  not  be  degraded.  There  are  two  values 

assigned  to  allowable  downtime.  The  first  applies  to 

phase  type  only  and  controls  transitions  from  up  to  down 
state  during  that  phase*s  duration.  The  second  is 

mission  allowable  downtime  and  is  assigned  only  once 
during  the  mission.  If  cumulative  mission  downtime 
exceeds  this  value,  tha  mission  is  aborted. 

E.  MODIFICATIONS  TO  TIGEB 

Every  effort  was  made  to  minimize  rhe  number  of  changes 
to  TIGER  in  adding  the  multi-echalon  supply  simulation. 
Those  changes  that  were  nacessary  are  identified  in  Appendix 
P,  the  TIGER  program  listing.  The  U3ar  does  have  the  option 
to  exercise  TIGER  in  its  stand  alone  fora.  If  this  option 
is  desired,  all  changes  will  be  ignored. 


▼  .  IBS  fl5KIrS£ISlQ»  S2£ELI  Sia2tUI2fi  flOfifik  (fiUklS) 

A.  DESCRIPTION  AMD  MODELING  COM SIDES AXIOMS 

The  following  sections  outline  the  operating  character¬ 
istics  of  th9  multi-echelon  simulation  subroutines  that  have 
been  developed  to  complement  USES.  A  description  of 
various  user  options  which  may  be  employed  in  the  simulation 
is  also  included. 

i  •  leiiinalcgi 

For  simplicity,  the  system  to  be  evaluated  by  TIGER 
is  hereafter  known  as  the  ‘‘weapon  system'*.  The  lowest 
indenture  level  of  the  weapon  systaa,  as  configured  by  the 
user,  will  be  called  "equipments".  If  two  or  more  equip¬ 
ments  have  exactly  the  same  salient  characteristics,  they 
will  be  said  to  te  of  the  same  "equipment  type".  A  series 
of  equipments  which  constitute  a  subsystem  or  repair  part  in 
its  own  right,  will  be  tacaed  a  "group". 

2.  General  Operation 

All  equipment  types  in  TIGER  are  assigned  a  mean 
time  between  failure  (STBP),  and  it  is  assumed  that  all 
equipments  fail  independently  and  at  an  exponential  rate. 
Based  on  the  mechanics  of  discrets  event  simulation,  a 
failure  time  is  initially  assigned  to  each  equipment  and 
placed  in  an  event  queue.  The  first  failure  time  is  exam¬ 
ined,  a  time  to  repair  that  equipment  is  generated,  and  that 
time  is  placed  back  in  the  queue.  When  that  repair  time 
becomes  the  current  event,  a  new  time  to  failure  for  the 
equipment  is  generated,  and  so  forth. 
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The  mult i-echelon  supply  simulation  is  invoked  when 
the  tiee  to  repair  a  failed  equipment  is  to  be  generated. 
The  supply  system  must  now  react  to  provide  a  replacement 
for  the  failed  unit.*  On-hand  stocks  for  that  equipment  are 
checked  at  applicable  support  activities  in  the  supply 
network  and  a  replacement  is  issued  to  the  end  user  by  the 
first  activity  having  the  part.  Depending  on  from  where  the 
part  was  issued,  a  supply  response  time  (SRT)  will  be  gener¬ 
ated  and  sent  to  TIGER.  TIGER  generates  a  random  time  to 
repair  and  adds  to  it  the  SRT.  Statistics  are  then  gener¬ 
ated  by  TIGER,  as  before,  to  determine  the  availability  and 
reliability  of  the  weapon  system  based  on  the  failure  and 
repair  if  its  components. 

3.  Scenario 

The  multi-echelon  simulation  subroutines  have  been 
developed  to  provide  the  user  significant  latitude  in  estab¬ 
lishing  the  desired  operating  environment.  Op  to  30  ships 
may  have  the  weapon  system  installed  on  board.  The  weapon 
system  configuration  need  not  be  the  same  on  any  two  ships 
and  outfitting  may  also  vary  from  ship  to  ship  (input 
requirements  are  simplified,  however,  when  this  is  not  th= 
case) .  Op  to  15  of  the  30  ships  may  be  assigned  to  the  east 
coast  and  up  to  15  assigned  to  the  west  coast.  The  user 
determines  under  what  conditions  the  ships  are  operating 
and,  as  a  result,  specifies  the  requisition  channels  to  be 
employed.  Three  operating  environments  are  recognized: 
COHOS  operations,  overseas  operations  with  HLSP  support,  and 
overseas  operations  without  HLSP  support.  Pigure  5.1  summa¬ 
rizes  the  requisition  channels  used  for  each  of  these 


*Hote  the  assumption  that  an  equipment  failure  assumes 
that  a  replacement , part  is  necessay  to  repair  the  failed 
equipment.  The  validity  of  this  assumption  depends  upon  the 
level  of  detail  employed  by  the  user  m  modeling  the  weapon 
system  configuration. 
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conditions. 

Although  TIGER  allows  up  to  six  different  phase 
types  and  91  different  phases  to  be  employed  over  the  course 
of  a  specified  Mission,  it  should  be  noted  that  requisition 
charnels  will  be  fixed  over  the  entice  mission  timeline. 

4.  Reg ui sit joning.  Issue,  and  Reorder  Procedures 

When  a  weapon  system  equipment  fails,  the  end  use 
activity  (ship)  checks  to  determine  if  spares  are  carried 
and  are  cn-hand  for  that  particular  equipment  type.  If  so, 
the  part  is  issued  from  ship's  stock  and  a  user  specified 
issue  delay  constant  is  returned  fco  TIGER  as  the  SRT.  The 
end  user  then  checks  his  inventory  position  to  determine  if 
the  reorder  point  for  that  equipment  type  has  been  reached 
and  orders  for  stock  as  appropriate.  If  the  part  was  not 
available  from  ship  stock,  rhe  requisition  is  passed  to  the 
next  supply  echelon  in  accordance  with  the  requisition  chan¬ 
nels  in.effect.  All  other  activities  in  the  sapply  network 
operate  in  essentially  the  same  manner.  If  no  echelon  is 
capable  of  providing  the  required  replacement,  an  order  is 
placed  with  the  manufacturer  for  procurement.  Refer  to  the 
system  flowchart.  Appendix  D,  for  a  more  detailed  process 
analysis. 

It  should  be  noted  that  the  reorder  process  for  the 
supply  depot  and  two  supply  centers  is  controlled  solely  by 
the  inventory  control  point  (ICP) .  iJhen  rhe  ICP's  inventory 
position  reaches  the  reorder  point,  an  order  is  generated  to 
either  the  manufacturer  or  repair  facility  as  appropriate. 
The  acquired  assets  are  divided  between  the  three  activities 
(based  on  their  current  deficiencies*  and  shipped  based  on  a 
randomized  procurement  or  repair  lead  time.  The  lead  times 
are  generated  from  a  gamma  distribution  with  a  user  speci¬ 
fied  mean  and  shape  parameter.  As  in  TIGER,  the  times  so 
generated  are  placed  in  an  event  queue.  Thus,  each  time  an 


activity  is  called  upon  to  check  its  on-hand  balance,  it 
must  first  look  at  the  event  queue  tc  ascertain  if  any 
material  that  had  been  requisitioned  for  stock,  is  due  in  at 
the  current  tine. 

5.  flltfiEial 

In  TIGEH,  equipment  nay  be  designated  as  being  not- 
repairable  during  a  given  tine  frane.  If  so,  even  though  an 
equipment  fails,  no  repair  tine  is  established.  Similarly, 
a  user  may  specify  a  probability  that  repairs  will  not  be 
accomplished  during  a  given  phase.  These  options  are  elimi¬ 
nated  if  the  multi-echelon  supply  simulation  is  in  effect, 
since  it  is  unrealistic  to  assume  that  a  spare  would  not  be 
requisitioned  simply  because  repairs  were  impeded. 

The  multi-echelon  simulation  does,  however,  allow 
the  user  to  designate  equipment  as  'repairable'.  These  are 
items  that  are  required  to  be  turned  in  to  a  repair  facility 
and  are  not  authorized  for  shipboard  repairs.  when  a 
failure  cf  this  type  occurs,  the  end-use  activity  must  turn 
in  the  carcass  (failed  unit)  to  a  generic  east  or  west  coast 
repair  activity.  The  user  may  specify  a  positive  prob¬ 
ability  that  carcass  attrition  will  take  place.  If  the 
failed  unit  arrives  at  the  repair  facility  and  is  determined 
to  be  economically  repairable  (both  are  determinants  of  the 
attrition  rate)  ,  it  is  held  there  until  either  the  number  of 
carcasses  on-hand  equals  or  exceeds  the  economic  repair 
quantity  for  that  equipment  type,  or  the  ICP  directs  a 
repair  action  to  satisfy  an  immediate  requirement. 

The  ICP  inventory  position  for  repairable  material 
is  decremented  only  when  attrition  occurs.  Bepairables  are 
procured  from  the  manufacturer  when  the  number  of  failed 
units  and  ready -for- issue  material  in  the  system  is  less 
than  the  system  reorder  point  or,  to  satisfy  an  end-use 
requirement  when  no  carcasses  are  available  for  repair. 
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6 .  Etisciii  SkifilSBiS 


The  multi-echelon  simulation  does  not  currently 
allow  for  prioritized  shipments  of  critical  materials. 
There  are,  however,  three  routines  which  are  used  to  isprove 
supply  response  tiees.  They  are,  in  order  of  precedence: 

a)  Redistribution  between  ICP  stock  points. 

When  a  request  for  saterial  is  received  at  one  of  the 
three  ICP  stock  point  activities  (i.e.,  depot  and  two 
suoply  centers)  fron  a  lower  echelon,  and  the  material 
is  unavailable  at  that  stock  poiit,  the  ICP  will  redis¬ 
tribute  assets  laterally  or  downward  through  the 
echelons.  For  example,  a  requisition  received  by  the 
east  coast  supply  center  which  cannot  be  filled,  will  be 
passed  no  and  filled  by  the  west  coast  supply  center  if 
stock  is  available  there.  However,  the  ICP  will  not 
redistribute  assets  from  the  overseas  depot  to  fill  an 
east  coast  requirement  since  that  would  constitute 
upward  redistribution. 

b)  Substitution  due- in -for -s cock  item  for  end-use  require¬ 
ment  . 

whenever  an  item  is  issued  from  a  higher  echelon  to  an 
end  use  activity  to  satisfy  a  repair  requirement,  an  SRT 
is  established.  However,  before  passing  the  SRT  back  to 
TIGER,  the  end  use  activity's  due-in-for-stock  event 
queue  will  be  checked  to  ascertain  if  an  item  for  stock 
is  du9  in  prior  to  the  SRT.  If  so,  that  item  will  be 
used  to  satisfy  the  repair  requirement  and  the  other 
will  be  diverted  to  stock. 

c)  Substitution  of  due-in-for-stock  items  at  ICP  stock 
point  activities  for  lower  echelon  requirements. 
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when  the  stock  point  activities  cannot  produce  material 
required  by  a  lower  echelon,  the  itea(3|  will  be 
obtained  from  the  aanufacturer  or  repair  facility  as 
appropriate.  If,  however,  an  ICP  controlled  activity, 
on  the  requ i sit i oner 's  coast,  has  a  stock  item  due  in 
and  can  ship  it  there  faster  than  the  established 
procurement  cr  repair  lead  tine,  the  stock  item  will  be 
diverted  to  the  lower  echelon  wiile  the  lower  echelon's 
material  will  be  sent  to  the  supplying  activity  for 
stock. 

B.  INPUT  REQUIR  MBITS 

1 •  general 

Input  requirements  and  formats  for  the  TIGER  simu¬ 
lator  are  well- documented  in  References  6  and  7.  These 
references  should  be  read  carefully  by  the  user  prior  to 
exercisinq  the  simulator.  Significant  changes  to  the  TIGER 
equipment  configuration  data  are  discussed  below. 
Noteworthy  input  requirements  of  the  supply  simulator  are 
also  addressed,  while  detailed  requirements  and  formats  for 
the  entire  input  deck  are  contained  in  Appendix  B. 

2.  iiger  saa&aai&tlaa  Data 

The  TIGER  simulation,  by  itself,  models  and  evalu¬ 
ates  a  single  weapon  system.  The  user  may  configure  that 
weapon  system  tc  virtually  any  desired  level  of  detail  in 
accordance  with  the  provisions  of  reference  6.  Basically, 
it  requires  the  formation  of  equipments  into  "groups"  that 
are  connected  in  either  series  or  parallel.  The  groups  are 
connected  into  "subsystems"  and  finally,  the  subsystems  are 
connected  in  series  to  fora  the  "system". 


In  order  to  integrate  the  supply  systee  and  TIGER 
simulations,  it  was  necessary  to  exploit  this  configuration 
arrangement .  The  TIGER  subsystea3  become  individual  ship* 
beard  weapon  systems  in  the  METEOR  simulation,  and  the  TIGER 
"systea"  aay  te  then  conceptualized  as  a  fleet-wide 
composite  of  such  weapon  systems.  The  specific  subsystem/ 
£>hip  numbering  conventions  to  be  used  in  METEOR  are 
contained  in  the  input  formats.  Appendix  B.  Figure  5.2 
depicts  a  typical  configuration  scheme  which  has  been  used 
in  the  TIGER  simulation  with  the  multi-echelon  supply  systea 
option  in  effect.  Note  the  subtle  differences  between 
Figure  4.1  and  Figure  5.2. 

3*  aisalsiss 

The  potential  uses  of  METEOR  were  discussed  in 
Chaper  III.C. 1.  The  degree  of  detail  required  in  the  input 
file  will  be  dependent  on  the  objectives  of  the  user. 

For  a  real-world  scenario,  the  multi-echelon  simu¬ 
lator  requires  a  relatively  large  and  axtensiva  input  file. 
Ideally,  METEOR  would  calculate  provisioning  levels  (or 
srocking  objectives)  for  each  activity  using  various  multi- 
echelon  provisioning  models  as  subroutines.  Similarly,  it 
would  be  a  convenient  and  useful  feature  to  have  optional 
reorder  level  computations  imbedded  in  the  simulator.  The 
level  of  complexity  and  computer  storage  and  run  time 
considerations  however,  render  these  options  impractical  at 
this  time.  It  is  imeumbent  on  the  user,  therefore,  to 
obtain  data  from  existing  provisioning  and  replenishment 
models  prior  to  exercising  METEOR  for  these  purposes. 

In  those  cases  where  the  user  desires  to  assess 
basic  supply  policy  alternatives  or  perform  sensitivity 
analysis  in  regard  to  parameters  imbedded  in  METEOR,  it 
would  be  feasible  to  contrive  a  realistic  control  data  set 
that  would  measure  the  relative  eerits  of  these  alternatives 
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and  parameters.  Data  in  pat  in  these  cases  is  greatly 
simplified.  For  each  equipment  type,  the  user  has  the 
option  to  establish  the  saae  stocking  objective  and  reorder 
point  on  all  ships.  This  option  serves  to  farther  sisplify 
the  input  task.  An  exaaple  of  a  data  input  file  of  this  type 
is  shown  in  Figure  8.1. 

C.  SIMULATIOH  OUTPUT:  STATISTICS  AS D  SUMMARIES 

i •  saaacal 

The  TIGER  siaulation  offers  several  output  options 
when  used  on  a  stand  alone  basis.  The  four  aeasures  of 
effectiveness,  discussed  in  Chapter  IV,  are  calculated  and 
printed  after  each  50  aission  increment.  In  addition,  when 
tha  system  exceeds  its  allowable  downtime  criteria,  TIGER 
will  print  a  mission  abort  message  which  summarizes  the 
status  of  all  down  equipments  at  the  time  of  the  abort.  For 
detailed  analyses,  the  user  has  tha  option  to  review  all 
changes  to  equipient,  subsystem,  and  system  status.  The 
user  will  select  the  dasired  TIGER  autput  from  the  options 
provided  on  the  Erintout  Option  input  card  (see  Appendix  B)  . 

When  TIGER  is  usad  in  conjunction  with  the  multi¬ 
echelon  supply  simulation,  output  format  and  content  are 
altered  significantly.  In  exploiting  the  equipment  configu¬ 
ration  scheme  employed  by  TIGER,  the  individual  ships 
siaulated  in  METEOR  are  necessarily  connected  in  series. 
Therefore,  if  ore  ship’s  hardware  system  is  ’down',  TIGER 
considers  the  entire  fleet  of  ships  to  be  ’down*. 
Unfortunately,  this  inaccuracy  is  reflected  in  all  measures 
of  effectiveness  calculated  by  USER.  Except  for  very 
unlikely  aission  scenarios,  wherein  all  ships  would  be 
required  to  be  fully  operational  for  a  given  aission,  the 
aeasures  of  effectiveness  calculated  by  TIGER  have  little 
practical  aeaning.  It  i3  therefore  recommended  that  only 


TI3EE  input  parameters  ba  printed,  when  exercising  the 
MET  EOE  simulation. 

Various  examples  of  the  output  forests  available 
froe  MET BOB  eay  te  found  in  Appendix  2. 

2.  ggaiBaaflt  Rsi&lii 

In  METEOB,  two  of  the  TIGER  eguipment-r elat ed  aeas- 
uras  of  effectiveness  have  been  reconstructed  to  provide 
aeaningful  aeasures  cf  equipment  parforaance.  Ihe  measures, 
average  (operational)  availability  and  reliability,  are 
calculated  for  each  ship  in  the  siaulation  and  then  averaged 
across  all  ships  to  provide  an  aggregate  measure  for  the 
weapon  systen  under  study.  The  two  aeasures  are  calculated 
for  the  individual  ships  just  as  TIGER  did  for  the  entire 
system  (Equations  4.1  and  4.3  refer). 

To  compare  analytic  multi-echelon  inventory  models, 
the  averaqe  availability  should  be  used  as  the  standard 
since  this  is  the  measure  they  generally  purport  to  opti¬ 
mize.  As  shown  in  the  following  chapter,  availability  is  a 
function  of  time.  To  obtain  steady  state  results  th6  user 
must  therefore  ensure  that  the  specified  mission  time  is 
made  suitably  long. 

Conversely,  mission  reliability  is  a  measure  which 
would  be  useful  when  assessing  the  likihood  of  successfully 
surviving  a  mission  of  spacifiad  duration.  Clearly,  reli¬ 
ability  i3  extremely  sensitive  to  mission  length  in  relation 
to  the  system *s  mean  time  to  failure.* 
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To  evaluate  the  ef fectiveness  of  supply  performance 
over  time,  eost  scenarios  of  interest  in  BET20R  vill  incor¬ 
porate  relatively  long  ai3sion  durations.  In  this  regard, 
systes  reliability  vill  necessarily  be  driven  toward  zero, 
while  average  availability  vill  tend  to  achieve  its  steady 
state  value. 

3-  aaEEli  EJlat&a  aatEal 

Detailed,  event  driven,  supply  related  output  is 
available  at  the  user's  option.  Subsequent  to  every  equip¬ 
ment  failure,  a  printed  summary  is  generated  reflecting  tha 
supply  system's  actions  resulting  from  the  demand.  This 
output  is  voluminous  and,  consequently,  should  be  selected 
with  with  care.  The  following  inforiation  is  included: 

-  Supply  Response  Tiee.  The  amount  of  ties  required  to 
satisfy  the  end-user's  demand  for  material  :o  effect 
repairs  to  the  failed  unit. 

-  Issuing  Activity.  Identification  number**  of  the 
activity  that  issues  the  end  use  requirement. 

-  Orders  For  stock.  As  a  result  of  the  issue,  all  subse¬ 

quent  orders  for  stock  are  displayed  with  the  following 
information:  ordering  activity,  issuing  activity,  and 

the  rime  that  the  3tock  is  due  in  at  the  ordering 
activity. 

-  Carcasses  test  Through  Attrition.  If  the  equipment 
that  fails  has  been  designated  as  a  repairable  item, 
the  end  use  activity  is  required  to  ship  the  failed 
carcass  to  the  nearest  repair  facility.  If  the  turn-in 
is  lost  through  attrition,  a  message  vill  be  displayed 
to  that  effect. 
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•  Repair  Inductions.  If  the  number  of  carcasses  on  hand 
at  either  repair  facility  is  greater  than  or  equal  to 
the  ESQ,  a  aessage  will  be  printed,  stating  that  an 
induction  was  initiated,  to  whoa  the  iteas  will  be 
shipped  upon  coapletion  of  repair,  and  the  time  due  in 
to  the  stocking  activity. 

Upon  completion  of  all  siaulation  runs,  a  summary 
analysis  provides  statistics  pertaining  to  supply  related 
costs  and  supply  system  psrformance.  Rather  than  assigning 
arbitrary  costs  to  supply  actions,  most  'costs'  are  given  in 
terms  of  the  number  of  actions  taken  vice  actual  dollar 
costs.  The  user  may  select  to  review  the  summary  by  supply 
echelon,  by  equipment  type,  or  both.  The  following 

suiaaries  are  prcvided. 

-  Procurement  Costs.  The  number  of  procurements  per 

mission  is  given  as  an  indication  of  the  fixed  cost  of 

procurement  at  each  echelon  and  for  each  equipment 
type.  Also,  the  actual  number  of  items  procured  is 
provided  to  reflect  the  variable  costs  associated  with 
each  order  placed. 

-  Repair  Costs.  As  with  procurement  costs,  the  fixed  and 

variable  costs  of  repair  are  presented  in  terms  of  the 
number  of  repair  inductions  and  total  number  of  items 
inducted.  Also  given  is  the  total  number  of  items 

shipped  from  end-use  activities  to  repair  facilities 
and  the  tctal  number  of  rspairable  carcasses  lost 
through  attrition. 

-  Shipping  Costs.  The  total  number  of  shipments  between 
inidvidual  activities  is  provided  as  a  measure  of  ship¬ 
ping  activity  and  the  costs  associated  therewith. 
Since  the  cost  of  shipping  to  an  end  use  activity 
(ship)  will  vary  with  its  location,  the  ships  are 
assigned  si x  destination  addresses  that  are  defined  in 
Table  I  be  lew. 
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S3®? 


TABLE  I 

Destination  Addresses 


Destination 

Humber 


Ship 

Location 


1 

2 

3 

4 

5 

6 


West  Coast,  Continental  O.s. 

Western  Pacific,  without  HLSF 
Western  Pacific,  with  HLSF 
East  Coast,  Continental  J,S. 
Atiantic/Medrterranean,  without  HLSF 
Atlantic/Mediterranean,  with  HLSF 


Inventory  costs.  These  costs  are  given  in  actual 
dollar  values  which  are  based  on  the  equipment  type 
costs  and  initial  inventory  levels  input  by  the  user. 
Two  measures  are  displayed.  First,  initial  provi¬ 
sioning  costs  are  given  to  reflect  the  cost  associated 
with  provisioning  all  echelons  up  to  their  respective 
stocking  obiectives.  Second,  an  average  on-hard  inven¬ 
tory  value  is  calculated  as  a  measure  of  inventory 
carrying  costs.  The  average  inventory  is  calculated  by 
time  weighting  the  inventory  on-hand  at  each  activity 
over  tha  course  of  tha  simulation. 

Supply  Performance.  Supply  performance  is  measured  in 
terms  of  net  and  gross  requisition  effectiveness. 
Total  demands  are  shown  for  each  echelon  and/or  equip¬ 
ment  type.  All  requisitions  that  cannot  be  satisfied 
are  counted  as  r.ot-in- stock  (HIS)  when  the  activity  has 
an  allowance  for  that  item.  If  the  activity  has  no 
allowance,  it  is  counted  as  a  not-carried  (NC)  demand. 
When  the  ICP  redistributes  assets  between  stock  points 
to  satisfy  fleet  desands,  the  affectivenss  statistics 
are  not  affected. 


i 
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71.  S22SLXS 


Because  of  the  complexity  inherent  in  a  typical  METEOR 
scenario,  model  validation  was  performed  using  very  simple 
scenarios  wherein  it  was  analytically  feasible  to  evaluate 
theoretical  equipment  performance.  The  scenarios  were 
established  with  two  ships  having  identical  two-component 


Ship  1  'System* 

♦- -i  Equ  ip  1  i— ♦ 


♦ 


+ - +  I 

I  „  .  „  I  I 

♦  Equip  2  ♦ — ♦ 


Ship  2  'System* 
♦ - 


♦  — ♦  Equip  1  ♦— 

II  II 

I  ♦ . ♦  I 

*♦ 

t  I 

♦ — ♦  Equip  2 

I  I 

------ — - - 


Scena  rio  1  2 

|  MI BP  I  MTTR  |  3TBP  |  MTTS  | 

Equip  1  I  103  |  12  |  130  |  9999  | 

Equip  2  _  |  50  |  5  |  50  1  9999  | 

Duration  |  53  00  |  100  I 


Figure  6.1  Validation  Scenarios. 

parallel  systems,  as  shown  in  figure  6. 1  .  Unlimited  spares 
were  available  to  the  end-use  activities  and  the  mean 
logistic  delay  time  was  assumed  to  be  zero.  In  the  first 
scenario,  aissicn  duration  was  set  to  5000  and  allowable 
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■ission  downtime  to  zero.  The  intent  of  this  scenario  is  to 
determine  average  operational  availability  over  an  extended 
■ission  duration.  Reliability  was  validated  under  basically 
the  saae  scenario,  with  the  following  exceptions.  Mission 
duration  was  shortened  to  1  00  to  provide  for  the  possibility 
of  successful  aission  » cco mplishment ;  and,  the  equipaent 
MTTR's  were  given  large  values  (99991  to  preclude  repairs  on 
the  equipments  during  the  aission.  Three  random  number 
seeds  were  used  and  100  missions  were  repeated  for  each 
seed. 


The  theoretical  operational  availability  for  this  system 
can  be  expressed  in  terms  of  rhs  following  equations: 


tSef.  10], 

Average  Availability 


A (t)  dt 


(6.  1) 


From  the  system  reliability  diagram, 

A  (t)  *  Ax  (t)  ♦  A,  (t)  -  Av  (t)  A*  (t) 

Where, 

MTTRi 


(6.2) 


MTBFj  nxxKj  \ 

hi  (t)  - - - - ♦ - -  SXP(-(Ai+)Ui>  t)  (6.3) 

MTBFi  ♦  MTTRi  MTB  Fj  ♦  MTTRi  ^ 


The  limiting  results  for  average  availability  are: 

A  (t)  dt  (6.4) 


Limiting  Average 
Availability 


lim  - / 

—  00  r  i 


MTBF 

MTBF  ♦  MTTR 


(6.5) 


Per  the  system  under  study. 


Assuming  no  repair  will  be  Bade  to  the  system  during  z he 
mission,  theoretical  reliability  aay  be  coaputei  as  follows: 

E(t)  *  S4(t)  +  RJt)  -  E^(t)  8jj[t)  (6.7) 

Share  F(t)  is  the  survival  function  for  the  system. 
Assuming  exponential  times  to  failure,  the  survival 
function  for  an  equipaent  is: 

B(t)  *  EXP(-Xt)  (6.8) 

In  scenario  1,  theoretical  availability  is  computed  using 
the  limiting  results;  equation  (6.1)  is  used  in  scenario  2 
due  to  the  relatively  short  mission  duration.  A  comparison 
of  the  computed  and  simulated  values  for  availability  and 
reliability  is  displayed  in  Table  II  . 

The  test  results  indicate  that  the  model  output  closely 
approximates  the  expected  theoretical  values.  It  is  recom¬ 
mended,  in  the  following  chapter,  that  further  research  be 
directed  toward  more  extansive  testing  of  the  METEOR  model 
to  verify  its  performance  over  a  wide  range  of  possible 
see  narios. 


I  ABLE  XI 

Siaulsctioo  Basalts 


Scenario  II 


Bun  I  S  eed  | 

|  Availability  ] 

Beliability 

1 

3  720 

.9855 

0.0 

2  i 

1  353 

.9861  I 

0.0 

3  1 

4  534 

.9853  j 

0.0 

Theoret: 

Leal  Values 

.9853  j 

0.0 

Scenario  12 

4 

7381 

|  .744  7 

1  .7570 

I  .7631 

!  .4400 

5 

6 

m 

1  .4750 

j  .4500 

Theoret: 

Leal  Values 

.7482 

I  .4534 
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? II.  SJMfliil  IMS  igcoaagNDAiioNS 


A  brief  survey  of  multi-echelon  models  currently  in  use 
in  the  Department  of  Defense  has  been  presented.  It  was 
shown  that  differences  exist  in  their  assumptions,  their 
structure  and  ob-fectives.  To  compare  the  relative  merits  of 
these  models,  therefore,  a  common  frame  of  reference  is 
needed  to  evaluate  their  performance  over  time  and  the  costs 
associated  with  their  implementation.  Due  to  the  inherent 
complexities  of  multi-echelon,  multi-indenture  models,  an 
analytic  comparison  was  regarded  as  impractical  and  simula¬ 
tion  was  suggested  as  a  feasible  alternative.  To  make  a 
valid  assessment  of  the  multi-echelon,  multi-indenture 
inventory  models,  a  simulation  with  these  same  features,  is 
req  uired. 

Chapter  III  provided  an  overview  of  multi-echelon  simu¬ 
lations  currently  in  use  by  the  Savy.  with  the  possible 
exception  of  the  SPECTROH  model,  none  of  those  reviewed  were 
found  to  be  adeguate  for  use  as  a  nulti-echelon  evaluation 
tool.  Additionally,  it  was  determined  that  no  current  simu¬ 
lation  exists  which  offers  multi-echelon,  multi-indenture 
characteristics  in  a  surface  fleet  environment.  In  light  of 
these  facts,  a  simulation  model,  METEOR,  was  developed  to 
satisfy  these  needs. 

METEOR  is  a  multi-echelon  supply  aodel  that  incorporates 
a  multi-indenture,  equipment-related  aodel,  TIGER,  to 
generate  equipment  failures  and  subsequent  supply  system 
demands.  The  METEOR  model  offers  a  wide  range  of  possible 
user-developed  scenarios  and  eguipment  configuration 
schemes.  Its  output  consists  of  various  measures  of  supply 
related  costs  and  supply  performance,  as  well  as,  the  equip¬ 
ment  performance  meamures  of  operational  availability  and 
reliability. 

54 


Chapter  III  stated  that  the  primary  motivation  for 
building  this  acdel  was  to  offer  an  evaluation  fool  that 
heretofore  was  unavailabla.  The  actual  use  and  employment 
of  this  eodel  is  left  to  future  research.  The  interested 
student/analyst  sight  consider  the  following  recommendations 
and  proposals: 

1.  Any  new  acdel  must  necessarily  undergo  the  test  of 
objective  analysis  prior  to  its  acceptance  and  implementa¬ 
tion  in  the  field.  In  this  regard,  continued  validation  of 
the  METEOR  model  is  encouraged.  ronfidence  in  any  model 
increases  with  its  successful  application  under  diverse 
scenarios,  and  when  it  is  successfully  exercised  by 
different  users.  Mora  detailed  and  varied  scenarios  than 
those  found  in  Chapter  11  have  feasible  analytic  solutions 
which  could  be  compared  statistically  to  simulation  results. 

2.  To  accurately  assess  multi-echelon  inventory  models,  the 
primary  objective  of  METEOR,  a  relatively  large  and  accurate 
data  base  is  required.  An  actual  operating  hardware  system 
should  be  the  basis  for  model  performance  comparisons. 
Admittedly,  a  hypothetical  system  could  be  used.  However, 
modeling  an  actual  operating  system  would  lend  credence  to 
the  study  effort  and  offer  the  historical  parts  related  data 
necessary  for  mcdel  inputs.  This  data  set  would  be  the 
control  factor  in  the  evaluation  process  and  provide  inputs 
to  all  models  under  study,  as  well  as  the  METEOR  simulation. 
Each  multi-echelcn  inventory  model  under  consideration  would 
need  to  be  accessed  and  exercised  with  the  control  data  set. 
The  inventory  levels  generated  by  these  models  would  serve 
as  input  to  the  initial  provisioning  levels  in  the  METEOR 
simulation.  The  purported  costs  and  equipment-related  meas¬ 
ures  of  effectiveness  provided  by  each  model  should  be 
recorded  for  use  in  the  final  analysis.  Finally,  it  would 
be  necessary  to  process  the  data  through  the  Navy’s  current 


repair  and  replerishaent  aodels  to  determine  reorder  levels 
and  econoeic  repair  quantities.  Provided  with  these  inputs, 
METEOB  should  return  an  objective  assessment  of  the  relative 
performance  of  the  models  under  study. 

3.  There  is  no  reason  to  restrict  the  use  of  METEOR  to  the 
evaluation  of  mu lti-echaloa  aodels.  In  fact,  the  multi- 
echelon  characteristics  of  METEOR  make  it  an  extremely 
useful  *ool  in  assessing  the  effect  of  parameter  changes  at 
any  one  echelon  cf  the  supply  systea,  in  that  the  impact  of 
those  changes  will  be  reflected  at  all  levels  of  the  system. 

4.  METEOB  might  also  be  used  as  a  resource- to-readiness 
evaluation  model.  The  availability  of  investment  capital  is 
normally  the  binding  constraint  on  inventory  levels.  By 
varying  inventory  levels  at  the  stocking  activities,  a 
determination  could  be  made  as  to  the  investment  required  to 
obtain  a  given  level  of  material  readiness.  Additionally, 
some  insight  might  also  be  gained  as  to  which  echelons  offer 
the  highest  rate  of  return  on  investnent. 

5.  In  terms  of  model  enrichment,  there  exist  several  areas 
where  METEOB  might  be  enbeilished.  Some  of  the  more  impor¬ 
tant  extensions  would  include  the  following. 

a)  Prioritized  shipments  for  critical  material. 

b)  Expansion  of  the  model  to  aLlow  for  more  -han  500 
total  equipments  to  be  modeled.  This  should  be  a  user 
specified  parameter. 

c)  Parameters  than  exhibit  large  variations  from  their 
means  should  be  made  random  variables  if  such  action 
would  significantly  enhance  model  realism.  METEOR 
uses  average  values  for  order  and  shipping  tines,  and, 
does  not  model  geographic  proximity  of  the  ships  and 
MLSF.  Depending  oa  user  requirements,  it  nay  be 
considered  beneficial  to  model  these  as  stochastic 
processes. 


d)  In  the  real  world,  ant  all  equipment  failures  necessi¬ 
tate  replacement  of  component  pieces.  &  randomize! 
determination  of  whether  or  not  parts  are  required  to 
effect  repairs  could  be  nade  by  B3TE0B. 

6.  HETEOB  is  a  relatively  easy  eodel  to  iapleeent.  Once 
the  input  data  is  prepared,  it  takes  only  4-8  seconds  of  CPU 
tiae  on  the  IBB  3033  to  ran  1000  missions  of  duration  5000 
hours.  This  offers  an  excellent  opportunity  to  explore 
supply  systea  interactions  and  paraietric  sensitivity  in  a 
multi-indenture,  aulti-eche Ion  environment. 


i&m&ix  4 

EXAMPLE  OBJECTIVE  FOHCIIOiS 


The  following  objective  functions,  ACIB,  Bcd-BETRIC,  and 
SESABE,  are  reprentativa  of  those  used  in  other  aulti- 
echelon  inventory  eodels.  For  sore  detailed  treataent, 
consult  the  cited  reference. 


1.  Availability  Centered  Inventory  Model  (ACIB)  [*ef.  11]. 


BIN  Deu 


3.  t  . 


C*  SK 


B 


D««l  *  -be  expected  delay  tine  for 

equipaent  e,  at  operating  site  u,  and 

B  *  Total  allowable  budget 

k  »  coaponent  of  e 

v  *  unit  cost  of  k 

s  »  stocking  level  of  k 

D  ,the  expected  delay  per  deaand  for  itea  i, 
at  stocking  location  v,  can  be  expressed  as: 


z 


(x-sta.  )  p(x; 


u*  (0,  1, .  . 


) 


where, 

Xie 

P  (x;  ) 


*  Expected  nuaber  of  denands  for  itea  i, 
at  operating  site  u. 

*  Probability  of  x  units  of  stock  reduction 
for  itea  i,  at  operating  site  u. 


^iu  “  ®  ean  resupply  tins. 


2.  Multi-Echelon  Tehnigus  for  Beco vererable  Itea  Control; 
Modified  (Mod-METRIC)  [Ref.  12]. 


M  00 

i?,  £srl 

where, 

H  »  Total  number  of  basas. 

Si >  Stock  leyel  of  spare  components 
at  base  i. 

Tj  *  Average  resupply  tiae  at  base  i. 

Xi-  rats  of  coapoaar.ts  at 

s.  t. 

H  H  N 

&•***&*•*  1  *  jS,0** 

where, 

c»  a  cost  of  egaipaent 
Cj  «  Unit  cost  or  module  j 
S  *  Number  of  aodalas 

s0  a  tiuaber  of  spare  modules  at  depot,  o 
C  a  Total  allowable  budget 


3.  Selective  stockage  for  Availability,  Multi-Echelon 
(SESAME)  [Ref.  2]. 

ME  as 

MIH  Z  Z  Su  •  &  Pi  ♦  Z  Z  EBOtr  ♦  RDT«-N;PC 
i*1  1»1  13  11  i»1  -J»1  z  11  1 

where, 

M  »  Total  naaber  of  items 
E  *  Total  nuaber  of  echelons 
Sjj  a  stock  level  for  itea  i,  at  echelon  j 
Nj  a  Haaber  of  stocking  activities  at  echelon  j 
Pi  »  Unit  price  of  itea  i 
EBOm  *  Expected  nuaber  of  backorders  for  itea  i 


at  echelon  j 

RDTjj  »  Deeand  for  itaa  i,  at  echelon  j 
PC  *  Backorder  peaalty  cost 


! 


[ 

\ 
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&EJESEB2X  6 

HE TSOI  I SPOT  BEQ 01 BEHESTS  BHD  FORMATS 


Host  inpat  requirements  applicable  the  the  TIGEB  portion 
of  the  HETEOB  simulation  resain  unchanged  froa  the  foraats 
provided  in  the  TIGEB  Manual.  However,  there  are  soae  vari¬ 
ations  in  user  options  and  file  organization.  To  facilitate 
the  use  cf  HETEOB,  therefore,  foraats  for  the  entire  input 
file  are  provided  below.  Annotations  are  provided,  where 
necessary,  to  reflect  file  structure  when  exercising  TIGER 
on  a  stand  alone  basis.  A  sample  input  file  is  provided  at 
the  end  of  this  appendix. 

All  data  is  entered  in  80  column,  card/card-inage 
format.  Data  types  are  integer,  real  and  alphanumeric.  All 
integer  data  fields  must  be  right  justified. 


£a £l  Ties  1-  IE2£££  Q£iUa  £«§• 

The  METEOR  option  will  indicate  that  the  multi-echelon  sup- 
ply  simulation  is  to  be  invoked  on  this  ran,  or,  that  TIGER 
is  to  be  run  on  a  stand  alone  basis.  Depending  on  the 
option  selected,  some  of  the  inpat  cards  that  follow  will 
not  be  required.  Additionally,  various  input  parameters  and 
option  settings  will  vary  between  the  two  simulations. 
These  changes  will  be  reflected  in  the  notes  that  follow  the 
card  foraats. 


Variable 

JfeftS 

Description 

1-4 

14 

IOFTM 

METEOR  option  switch 

*  D  to  run  TIGER  only 

*  1  to  run  METEOR 

5-8 

1 

14 

10  FTP 

METEOR  print  option  switch  for 
supply  performance  smeary 
statistics 

*  1  by  equipment  type 

*  2  by  supply  echelon 

=  3  by  equipment  type  and  supply 
echelon 

9-12 

14 

IOFTP1 

METEOR  print  option  syitch  *o 
invoke  or  suppress  printed  record 
of  all  supply  actions 

*  3  to  suppress 
=  1  to  invoke 

13-16 

14 

IRC 

Requisitioning  Channels 

=  1  CONDS  operations 
=  2  deployed  without  MLSF 
*  3  deployed  with  MLSF 

17-20 

14 

NRSHPS 

Total  number  of  ships  to  be 
sia  ulated 

21-24 

14 

ITOTEQ 

Total  nunber  of  equipments  to  be 
simulated 

25-28 

14 

NR  NSC 

Number  of  ships  assigned  to  the 

Nest  Coast 

29-35 

F7.0 

SSADT 

Shipfs  system  allowable  downtime. 

Notes: 

IOPTH 

-If  only  TIGER 
entries  cn  car 

is  desired  to  be  exercised,  all  other 
d,  after  IOPTH,  may  be  ignored. 

IOPTP1  -The  record  of  all  supply  actions  can  be  voluminous. 
ISC  -See  Figure  5.1  for  resulting  requisition  channels. 
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SSADT  -This  input  replaces  TIGER  allowable  downtime  para¬ 
meters  round  on  input  cards  4,  18,  and  19. 


£4£d  IIES.  2*  Slll£  (iR^SZltSi)  I£eatif iSftliSS  Saife§I§ 

This  card  is  used  to  relate  TIGER  subsystem  nuabers  to 
METEOR  ship  nuabers.  It  aust  be  oaittsd  if  IOPTM  is  0. 


Variable 

Calais  Zaciai  fiats.  &i§*£i&lta 


9-12 

Etc. 


20I«  MO  ESS  (I) 


Starting  with, the  lowest  nuabered 
ship  (I. e.,  870  for  west  coast, 

885  for  east  coast)  and  proceeding 
to  the  highest,  identify  all  ships 
to  be  simulated.  If  aore  than  20 
ships  are  to  be  siaulated,  follow 
with  another  card  using  sane  fornat. 


C&£d  ixpe  l.  lissUfiS  Sill* 

If  TIGER  is  to  be  run  on  a  stand-alone  basis,  it  is  possible 
to  run  more  than  one  aission  scenario  (timeline).  If  METEOR 
is  used,  only  one  aission  scenario  is  permissible. 


Variable 

£&£££  laZB&i  Mai  Q3§2£l£tion 

1-4  14  JCC  No.  of  timeline  variations  to  be 

?un  froa  data  deck.  Set  JCC  *  1 
if  exercising  METEOR. 

5-80  19A4  RONID  Alphanumeric  run  identifier. 

Notes:. 

JCC  -If  running  TIGER  and  JCC  exceeds  1,  only  phase  type 

and  duration  card(s)  i ust  be  added  in  the  back  of  the 
data  deck,  followed  by  a  blank  card. 


Izbs  i-  Siatislisai.  EasaasiiE  Zzzi- 

This  card  is  used  to  govern  the  amber  of  missions  to  be 
performed  in  the  simulation.  If  METEOR  is  used,  a  prede¬ 
fined  number  of  missions  should  be  ran  (see  notes  below). 


.  Variable 

Column  fstsat  £fi«S  BSSSIiBiion 

1-4  14  NM  AX  Maximum  number  of  missions  to  be  run. 

Should  be  m  aultiples  of  50  and  must 
not  exceed  1030. 

5-8  14  SOFT  Optimal  number  of  missions  (not  to 

exceed  NM  AX)  . 

9-12  F4.0  PL  if ication  requirement  for  relia- 

13-16  F4.0  XK  Stan dard . deviation  to  be  used, in 

calculating  lower  control  limit. 

17-20  14  IS  FED  Handom  number  seed. 

21-24  14  NPH  So.  of  phase  types,  not  to  exceed  6. 

Notes: 

NMAX  -To  run  a  predefined  number  of  missions,  set  ?L  *  1.0, 
and  NOPT  and  NNAX  to  the  desired  number  of  missions. 

It  may  be  convenient,  when  running  METEOR,  to  run  less 
than  50  missions.  If  so,  refer  to  TIGER  aiain  program 
line  labels  210  and  540.  Change  '50*  to  the  desired 
number  of  missions  to  be  run. 

XK  -A  value  of  1.28  corresponds  to  a  90%  lower  confidence 
limit  (assuming  normality)  .  Inconsequential  when 
running  METEOR. 


£&c4  1122.  £•  Elisa  lz£i  ia4  Eatatui  c^d. 

Phases  are  the  key  to  constructing  scenarios  in  TIGEH.  Op 
to  6  different  phase  types  aay  be  specified.  The  phase 
types  aay  be  put  together  in  a  sequence  of  up  to  95  phases 
which  conprise  the  aission  to  be  exercised.  For  example, 
normal  steaming  aay  be  simulated  in  one  phase,  while  coabat 
operations  are  simulated  in  another.  Equipment  related 
para-  aeters  aay  be  varied,  on  the  input  cards  that  follow, 
to  correspond  to  the  type  of  operation  modeled  in  ar.y  given 
phase.  Note  that  requisitioning  channels  do  not  change  with 
phase  type. 

Variable 


Column 

Format 

Name 

3s§*ii£ii2i 

1-2 

F  2.  0 

XXT(1) 

P^ase  type  number  for  first 
simulation  sequence. 

3-10 

F8.0 

XXT(2) 

Duration  of  first  sequence. 

11-12 

F2.0 

XX  T  (3 ) 

Phase  type  number  for  second 
simulation  sequence  (if  any). 

13-20 

00 

» 

o 

XXT(U) 

Duration  of  second  phase. 

Note:  Continue  this  format  through  card  column  50,  duration 
of  fifth  phase  sequence  (if  needed).  If  more  than 
five  phase  sequences  are  needed,  continue  on  addi¬ 
tional  cards  using  the  sane  fields. 


C^sd  Type  6 .  *****  Blank  - ard  ***** 


Said  Type  2-  Etiaisai  2£tisa  £ai£* 

This  card  is  used  to  select  the  output  options  available 
fro*  TIGER. 


Variable 


£2iafi3 

Ffitaai  Haas 

B§§2 

lisiisa 

1-4 

14 

KOPT 

Printout  option  switch. 

a  1 

for  management  summary. 

*  2 

for  engineering  summary. 

=  3  for  complete  details, 

(used  tor  debugging  only) 

=  4 
da 

to  suppress  printout  of  inpu¬ 
ts. 

=  5  tg  specify  printout  using  KS 
variables  (see  below). 

»  5 
is 

fc£  TIGER/i!  A  NNING  complete 
tails  (debugging  only)  . 

If  KOPT=5,  select  fron.th®  following  output  options 
needed,  otherwise  leave  fields  blank. 

5-8 

14 

KS  (1) 

=  i 

Input  data 

9-12 

13-16 

14 

14 

KS  (2) 

KS  (3) 

*  i 

=  i 

Equipment  dp wn  at  time  ©f 
mission  failure. 

Down  time  a*:  end  of  phase. 

17-20 

14 

KS  (4) 

s  1 

Abort  messages. 

21-24 

14 

KS  (5) 

a  1 

All  events. 

25-28 

14 

KS  (61 

=  1 

3TIHE  matrix  (debugging  cnly) . 

29-32 

14 

KS  (7) 

=  1 

Not  used. 

33-36 

14 

KS  (8) 

=  1 

Not  used. 

37-40 

14 

KS  (9) 

a  1 

Not  used. 

41-44 

14 

KS  (10) 

=  1 

System  5  subsystem  3tatus. 

45-48 

14 

KS  (11) 

a  1 

TIGER/SANNING  debugging 

49-52 

14 

KS  (12) 

*  1 

Status  of  all  groups 

53-56 

14 

KS  (13) 

*  1 

Downtime  isssage 

note: 

When  running 
recommended. 

HETEOR, 

KOPT  «  5,  KS  (1)  ■  1  is 

as 


Satd  1122  a.  EbMS  ISEliS.  Said* 

This  card  is  used  to  specify  the  repair  option  in  efi sex  fo 
each  phase  type. 


Variable 


SfiiSIE  l£Caat 

MIS 

1-4 

5-8 

9-12 

14 

14 

14 

14 

IFLAG  (4) 

IFLAG  (1) 
IFLAG  (2) 

IFLAG  (3) 

Repair  option  for  each  phase  type 

il^n-board*  repair  allowed. 

=  1  if  no  on-board  repair  allowed. 

=  2  if  on-board  repair  allowed, 

but  failare  inhibited.  13-16 

17-20 

14 

IFLAG  (5) 

21-  24 

14 

IFLAG  (6) 

Notes: 

IFLAG  =  1,,  will  inhibit  the  ordering  of . repair  parts 
even  thougn  an  equipment  has  failed.  This  option  is, 
therefore,  not  recommended  whan  running  METEOR. 

Caid  X122  £•  R&B&ir  £fil ill  Ca£d. 

This  card  is  used  to  determine  the  repair  policy  to  be  in 
effect  during  the  simulation,  by  specifying  the  percentage 
of  repairs  to  be  performed  at  the  organizational  level. 
Additionally,  the  user  may  specify  a  period  of  time  that  the 
system  may  be  down  during  the  mission  before  -he  mission  is 
aborted. 

The  HTBF  and  MTTR  multipliers  may  be  used  to  vary  these 
parameters  for  a  given  simulation  run  and  are,  therefore. 


useful 

in  sensitivity 

analy  sis. 

a  on  format 

Varaiable 

MIS  8S3SE1EU2B 

1-4 

F4.0 

R3P0L 

Decimal  fraction 
performed  aboard 

of  repairs  to  be 
ship. 

5-12 

F8.2 

TAE2 

Biss  ion  allowable  downtime. 

13-16 

F4.0 

xa 

BTBF  multiplier. 

17-20 

P4.0 

XT 

BTTR  multiplier. 

Notes: 

BEPOL  -In  NET 
by  des 
able. 

BOR,  the  repair  process  is 
ignating  equipments  as  cap 
If  using  BETBOR,  set  REp5 

handled  explicitly 
airable  or  consum- 
L  *  1.0. 

TAO 2  -If  using  EETEOB,  sat  TAD 2  *  130000. 


£a£g  Ties  JQ-  lauiEisai  Zxss  £aii§- 
ill  equipments  in  the  simulation  are  given  an  equipment  type 
nuater.  If  two  cr  aore  equipments  ara  essentially  the  sane, 
(i. e,  would  have  the  saae  values  for  the  eight  parameters 
shown  on  this  card,  and  would  treated  as  the  saae  itea  by 
the  supply  systea)  they  would  be  designated  with  the  saae 
equipment  type.  METEOR  deals  exclusively  with  equipaent 
types  in  the  provisioning  and  replenishment  of  inventories 
at  the  various  echelons. 

One  card  is  required  for  each  equipoant  type. 


y  a  ria  b  le 


ZEiaat 

De525i££ion 

1-4 

14 

I 

Equipaent  type  number.  Should  be 
sequentially  starting  with  1,  not  to 
exceed  200. 

5-20 

4A4 

FI 

Equipment  type  nomenclature. 

21-28 

F8.  0 

XHTBF 

Mean  time  between  failure. 

29-  32 

F4.0 

XMTTR 

Sean  pirne  to  repair.  Proceed  by  a 
negative  sign  and  include  the  vari¬ 
ably  MTPR  card,  if. this  option  is 
desired.  Mon-repairable  is  indicated 
by  value  of  9999. 

33-36 

F4.0 

0 

Quty  cycle/OtLlization  (non-zero 
aeciaal  fraction) . 

37-40 

F4.0 

V 

Administrative  delay  time  from 
tender  to  ship. 

41-44 

F4.  0 

0 

Administrative  delay  time  from 
depot  to  ship. 

45-48 

14 

IUI 

If  a  variably  duty  cycle  (VDC)  is 
desired,  assign  a  sequential  number 
(between  1  ana  200)  and  include  the 
v DC  card  following.  Otherwise  leave 
this  field  blank 

Motes: 
XHITB  - 

•If  an  equipment  type  is  given  a  XMTTR  of  9999,  it 
will  not  he  ordered  from  the  supply  systea  in  METEOR. 
This  option,  therefore,  is  not  recommended. 

v,w  - 

•Afiaini  strati 
these  fields 

ve  delay „time,is  lot, utilized  in  METEOR, 
aay  Be  left  blanlc  when  MeTEOR  Is  being 

He §  11-  iJEiabig  eat i  nsl®  ad* 

A  variable  duty  cycle  nay  be  employed  to  vary  the  percentage 
of  time  that  an  equipment  is  utilized  during  a  phase  type. 
This  is  an  optional  input.  If  IUI  on  the  previous  card  is 
non-zero,  place  this  card  iaaediately  behind  the  type  card 
to  which  it  refers  .  A  aariaun  of  53  7DC  cards  are  allowed. 


Variable 

Sfiiaia  £01341  ifeae  QilSliElion 


t 

t 

ti 

1-4 

14 

IV 

VDC 

same 

prer 

5-8 

F4.0 

VDC  I 

[1] 

I  Duty 

i 

9-12 

F4.Q 

VDC  i 

2 

1  meat 

f 

13-16 

F4.0 

VDC| 

3 

[  1-6. 

17-20 

F4.0 

VDC  i 

4 

i 

¥ 

21-24 

F4.  0 

VDCi 

5 

j  of  0 

> 

£ 

25-28 

F4 . 0 

VDC 

6 

! 

cycle/utvlization  of  the  equip- 
type  during  each  ph^se  type 
These  values  override  the  value 


Card  Type  12.  Variable  Mai  n  XlSS  to  Repair  Ca£d. 

This  card  may  be  used  to  vary  an  equipment's  aean  time  to 
repair  between  phase  types.  It  is  an  optional  card.  If 
XHTTR  is  negative  on  the  equipment  type  card,  place  this 
card  behind  the  VDC  card  or  Equipment  Type  Card  as  appro¬ 
priate. 


Variable 

Column  Fori  a*;  Mat  Description 


5-8 

9-12 

13-16 

17-20 

21-24 


F4.  0 

F4.0 
F4.0 
F4.0 
F4.  6 
F4.0 


VS  ITS  ( 1)  STIR  values  of  the 
during  each  phase 
VHTTR  (2)  repairable  is  indi 
VMTTR  (3)  but  should  not  be 


VHTTR  (2 
VMTTR  3 
VHTTR  4 
VHTTR  5 
VMTTR  6 


of  the  equipment  type 
phase  type  1-6.  Non- 
s  indicated  by  9999, 


but  shogld  not  be  so  designated  if 
METEOR  is  being  run. 


Cl£d  lipe.  13.  *~**  filial  £l£d  ***** 


filed  2x££  Hi*  ZszIsmssL  Saida* 

Equipment  cards  identify  similar  aqiipaents  to  their  equip- 
■eat  type.  Their  say  ba  no  sore  than  500  equipaents  in 
total.  Starting  with  tha  first  aquipaent  type,  nuaber  each 
equipaent  in  sequential  order  starting  with  nuaber  1. 
Continue  in  unbroken  sequence  through  all  equipaent  types. 


Variable 

Calais  Efitii t  &is> 


1-4 

14 

NTYPB 

f:?2 

14 

14 

LOAD 
LO  AD  < 

[3 

13-16 

14 

LOAD 

3 

17-  20 

14 

LO  ADi 

4' 

21-24 

14 

LOAD! 

5 

25-28 

14 

LOAD 

[6 

29-32 

14 

LOAD 

;7 

8 

33-36 

14 

LOADj 

37-40 

14 

LOAD 

9 

and  so 

on  to 

LOAD) 

Bssiti Elisa 

Tha  Type  Nuabar 
tha  eqaipaent  li 
f  ial  d  (s)  . 


associated  with 
sted  in  the  next 


Eqaipaent  numbers  of  those  equip¬ 
aents  which  oalong  to  the  designated 
aquipaent  type,  op  to  19  nay  be 
designated  per  c&ra.  If  more  than 
19  are  associated  with  a  giwen  type, 
usa  additional  equipaent  cards  and 
rapaat  the  saie  type  number. 


filed  Tibs  Id.  *****  SI  a  a*  Slid  ***** 


£ft£d  IIBfi  16.  SJBata  S£Bi2& 

There  are  four  options  available  to  inpat  spares  into  the 
siaalation: 

(1)  If  METEOR  is  being  “zeroised,  spares  will  be  inpat  in 
the  MOLTE  inpat  section,  and  this  card  east  be  omitted.  If 
TI3EB  is  being  used  in  it3  stand-alone  eode,  the  following 
three  options  apply. 

(2)  Ose  the  literal  "Unlimited  Spares"  in  colaens  1-16  to 
simulate  unlisited  spares  (90,003  spares  are  internally 
assigned  to  each  equipment  type)  . 

(3)  If  spares  are  to  be  input  by  the  user,  leave  this  card 
blank  and  enter  spares  data  in  the  sards  that  follow.  If  a 
spare  part  sensitivity  analysis  is  desired,  enter  a  spars 
parts  multiplier  (SX)  in  columns  21-24  of  this  card.  The 
multiplier  will  increase  or  decrease  (depending  on  the  value 
assigned)  the  spare  parts  levels  that  are  specified  on  on 
the  following  cards. 

(4)  Enter  "999"  in  card  columns  21-24  to  invoke  the  SPARES 
subprogram.  This  will  determine  levels  based  on  the  calcu¬ 
lations  of  the  .25  FLSIP  20  SAL  Model. 

• 

C&£d  Tips  12.  SJSL&S 

If  METEOR  is  being  exercised,  this  card  must  be  emitted. 
For  TIGER,  these  cards  are  only  used  if  the  allowances  for 
spares  are  the  be  input  directly  (i.9.,  the  previous  card 
did  not  specify  unlimited  spares  or  invoke  the  SPARES  sub¬ 
program)  .  One  card  oust  be  input  for  each  equipment  type. 

Fariable 

ialaia  Eaca&£  Mas  fiusxi&Usa 

1-4  14  ISPABE  (1)  Humber  of  organizational  level 

spares  for  tne  equipment  type. 

5-8  14  IS  EASE  (2)  Humber  of  spares  at  the  tender 

for  the  equipment  type. 

ISPABE (3)  number  of  spares  at  the  depot 
for  tne  equipment  type. 


9-12  14 


£acd  lIEfl  18.  S25tu  Sai4* 

Card  types  19-2  3  go  Tern  the  hardware  systes  configuration. 
Since  that  conf iguration  lay  change  froa  phase  type  to  phase 
type,  one  complete  set  of  these  cards  for  each  phase  type 
sust  be  placed  sequentially  in  the  data  deck.  An  example  of 
a  reliability  block  diagram  for  BETBOR  appears  in  Figure 
5.2.  Starting  with  the  individual  components,  groups  are 
formed  from  subsets  of  components  which  are  connected  ir. 
either  series  or  parallel.  The  groups  are  nested  and 
combined  with  other  equipments  to  form  new  groups.  This 
process  continues  for  each  ship  being  simulated,  until  the 
hardware  system  on  each  ship  can  be  represented  by  a  single 
group.  This  group  is  called  a  'subsystem'  by  TIGER.  The 
individual  subsystems  (ships),  are  then  combined  in  'series' 
to  form  the  overall  'systaa'. 


Variable 


Format 

&!« 

SlssiipfeiSE 

1-4 

A4 

ID 

Any  alphanumeric  (i.e.,  the  literal 
"FLr")  used  to  identify  the  overall 
system. 

5-8 

14 

LL 

?romeitIPe  auab5r  (s®9ue:ltial)  • 

9-12 

14 

NSS 

Number  of  subsystems  (ships)  in. 
the  phase. 

13-16 

14 

ISS 

System  identification  number, 
(usually  the  Last  group  number  on 
the  configuration  matrix  cards.) 

17-24 

F8.0 

SSTIBE 

System  allowable  sustained  downtime 
(should  not  be  less  than  subsystem 
allowable  downtime  values) .  Should 
be  less  than  or  equal  to  TAD2  (Repa 
Policy  Card).  To  inhibit  aborts, 
use  100000. 

Notes: 

NSS 

-In  BETEOR,  the 
remain  constant 

cumber  of  subsystems  (ships)  must 
:  for  each  phase  type. 

SSTIBE 

-Because  ships  are, configured  in  series  in  METEOR, 
system  allowable  downtime  has  little  meaning.  The 
system.wculd.be. considered  'down'  anytime  one  or 
more  of  the  invidual  ship's  system  was  down. 
Therefore,  SSTIBE  should  be  set  to  100030. 

sajd  X12&  12-  aabaxgjai  *ail§- 

Thare  oust  be  one  subsystem  sard  for  each  ship/subsystem, 
being  simulated.  it  least  one  ship  or  subsystem  is 
required. 


Variable 

Column 

ZSEJBfii 

1-4 

A4 

ID 

Alphanumeric  (e.g. ,  the 

5-8 

14 

LL 

Phase  type  number. 

13-16 

14 

ISS 

Subsystem  identification  number. 
This  will  be  a  group  number  from 
Conf iauration  Matrix  Card  that 
follows. 

•i 

-4 

1 

K> 

P 

F8.0 

SS HUE  (2) 

Subsystem  allowable  sustained 
downtime.  This  value  should  be 

uuiuuib.  iuj.s  value  sqjuau  uts 

less  than  or  equal  to  SSTIHE  cn 
the  System  Card.  To  inhibit 
aborts,  use  a  value  of  130000. 


Notes: 

ISS  -In  ilETECR.  the  ISS  for  ships  must  assigned 
sequentially,  running  from  370  to  884,  for 
Hast  Coast  snips;  from  885  to  899,  for  East 
Coast  ships. 


SSTIHE 


-This  downtime  parameter  will  impact  reliability 
ana  availability  measures  whan  HETEOH  is  in  use 
since  all  ships  will  not  function  is  another  is 
down.  Set  this  value  to  103000,  and  use  the 
variable  §SADT  on  card  type  1,  if  an  allowable 
downtime  is  desired. 
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£&id  Ties  2fi.  SajiiEiMt^afesisias  iiaas  Ba£ai&&sg  ss.il* 

This  card  is  reqairsd  in  METEOR  to  identify  so  which  ship 
the  equipment  failure  ocarred.  If  IOPTM  *  0,  salt  this 
card*  otherwise  one  set  will  be  required  for  each  phase 
type. 


caiatfi 

fsiast 

Variable 

Mas 

525SliEli2S 

1-4 

14 

NSSEQ  (1) 

Order  ship  numbers  (ISS)  from 
lowest  to  highest  and  assign  each 

5-8 

14 

NSSEQ  (2) 

a  sequential  number  starting  with 
Assign  that  number  to  NSSEQ  (i) ,  if 

9-12 

14 

NSSEQ  (3) 

equipment  number  •  i'  is  installed 
on  that  ship. 

13-16 

14 

NSSBQ  (4) 

If  lore  than  18  equioments  are 
modeled,  use  as  many' cards  as 

17-20 

14 

Etc. 

NSSEQ  (5) 

necessary  in  the  same  format. 

Sail  £ze§  21*  sonSisaialion  MiiU  Sails* 

These  cards  define  the  reliability  black  diagrai 
tion  of  the  system  under  evaluation. 


conf igura- 


.  Variable 

saisfii  fsifflat  Naas  d§§siaeU£s 


1-4 

14 

NR  0 

5-8 

14 

IB  (1) 

9-12 

14 

IB  I 

[2 

13-16 

14 

IB  1 

3 

17-20 

14 

IB  | 

4 

21-24 

14 

IB  1 

5 

25-28 

14 

IB 

6 

29-32 

14 

IB  < 

r? 

33-36 

14 

IB  | 

ts 

i 


he,  number  of  members  in  the  group 
efined  on  this  card  that  are 
required  to  be  operating  for  the 
system  to  be  operational. 

The  group  number  assigned  to  the 
group  of  members  defined  on  this 
card.  It  may  vary  from  501  to  1000, 
in  any  order. 

The  numbers  of  the  equipments  and 
groups  which  lake  up  the  group  de¬ 
fined  on  this  card.  The  maximum 
number  of  members  in, a  group  is 
unlimited;  however,  if  there  are  more 
than  7,  a  continuation  card  is 
reguired,  which  is  of  the  same 


£ft£d  1X21  12*  Sa^EUSi  tills  £&£ls- 

These  cards  indicate  tha  equipment  operating  rales  for 
string  or  standby  equipaeat.  The  string  eqaipaent  operating 
rales  cause  shutdown  of  a  designated  series  equipaent  upon 
failure  of  any  of  the  other  eguipaant  or  equipaact  groups  on 
the  card.  The  standby  equipaent  operating  rule,  causes 
designated  equipaent  to  be  energized  upon  failure  of  any  of 
the  other  equipaent  of  equipaent  groups  on  the  card.  This 
is  an  optional  card  which  is  placed  iaaediately  behind  the 
Configuration  Matrix  Card  which  refers  to  the  equipaent  and 
groups  on  this  card.  The  aaxiaua  number  of  equipaent  oper¬ 
ating  rules  is  4  9.  (One  rule  defined  per  card.) 


Variable 

fioiSBfl  1&E1B&  MBS  QS§£li££l2& 


1-4 

14 

I  STB  ( 1) 

00 

i 

in 

14 

ISTB  (2) 

9-12 

14 

ISTB  I 

t3) 

13-16 

14 

ISTB  i 

4 

17-20 

14 

ISTB] 

:s'i 

21-24 

14 

ISTB 

6 

25-28 

14 

ISTB 

7 

29-32 

14 

IS  TB 

8 

33-36 

14 

ISTB 

[9 

37-40 

14 

ISTBj 

;io 

41-44 

14 

I  HOLE 

i 

The  designated  equipaent  number.  If 
it  is  a  standby  equipment,  it  must 
be  preceded  by  a  minus  sign. 

The  other  equipaent  or  equipment 
group  numbers. 


£&£&  XZES.  23.  *****  filas*  £££&  ***** 


£ft£fl  112*  21*. 

juxsob  Eauiilsi  cats 

This  card,  and  those 

that  follow,  are  only  required  if  the 

BETEOR 

sinulatioe  option  13  is  effsct. 

&U&&  facaat 

Variable 

Hais 

SsssilfiUaa 

1-5 

15 

HI 

»°?1? option  is  selected 
supply  input  data  for  only  one  ship 
is  required.  All  other  snips  will 
be  configured  with  the  sane  stocking 
objectives  and  reorder  points. 

*  2.  .If. this  option  is  selected 
supply  input  data  nust  be  input 
separately  for  each  ship. 

6-15 

F10.0 

CH  18 

Carcass  return  attrition. rate.  Enter 
deciaal  fraction  of  repairable 
carcasses  that  are  lost  due  to 
attrition. 

16-25 

F10.0 

MSDT 

HLSP  screening  delay  tine. 

Enter  the  tins  required  to 
process  a  HIS  requisition  through 
the  HLSF,  and  refer  the  requisition 
to  the  next  echelon. 

26-35 

F10.0 

SSFT 

The  aaount  of  tine  required  to  issue 
an  item  froa  shipboard  stocks. 

36-45 

F10.0 

ALFA1 

Sain  a  distribution  shape  parameter 
for  repairable  Iten  turnaround  tine. 

46-55 

F10.0 

ALFA  2 

Sania  distribution  shape  parameter 
for  procureneut  lead  tines. 

■mi® 


£&£  XlES  25.  SilEfill  I&&C1&&2A  S4C4- 

Tha  following  tt  card  types  input  supply  related  information 
for  each  equipment  type.  One  set  of  these  cards  is  required 
for  each  equipaert  type  whsn  81  «  1.  when  Ml  =  2,  the  set 
will  consist  of  only  card  types  25  and  26. 


variable 

£2lUfi£  fS£ 3§i  JSftSS  52§£li£U2 & 

1-10  110  RPilH  Repair  Code. 

*  0  Consumable  items. 


=  1  Repairable  items.  Cannot  be 
repaired  at  organizational  level. 
Op  on  failure,  will  be  shipped  to 
nearest  repair  facility. 

11-20  F10.0  MPLT  Seap  procurement  lead  tiae  for  this 

equipment. 

21-30  F10.0  ECCST  Cost  per  item  for  this  equipment 

type. 


Card  Type  26.  Repairable  item  Card. 

This  card  will  be  placed  immediately  behind  the  supply 
information  card  whenever  RP&1B  =  1 . 


Variable 

£2lM£  Foiaal  ia»6  Dasriifition 
1-10  F10.0  MRT 


Beag  repair  turnaround  time  for  this 
equipment  type. 

Econgmi;  repair  quantity  for. the 
repair  facilities,  when  their  on- 
hand  balance  of  carcasses  equals  or 
exceeds  ERQ  an  induction  will  be 
init iatad. 


11-20  110  ERQ 


£&d  ires  22-  flisfc  iiiil  z&sA-  (QetUe  i) 

If  HI  *  1,  cards  27  and  28  are  usad  to  set  activity  high 
lisits  and  reorder  points.  In  this  case,  all  ships  will  be 
giver,  identical  high  liaits  and  reorder  points.  If  HI  =  2, 
thase  cards  are  caitted  and  cards  29  and  20  will  be  used  to 


input 

high  lisits  and 

reorder  points. 

coisas  Zscxsi 

Variable 

2X32£i£U2& 

1-5 

15 

HILIM  (1) 

Inyantory  high  lieit: 

Ships 

6-10 

15 

HI  UH  (2) 

f).  Coast  MLSF 

11-15 

15 

HILIM  (3) 

E.  Coast  MLSF 

16-20 

15 

HI  UM  (4) 

RESIP&C  Overseas 

Depot 

21-25 

15 

HILIM  (5) 

E.  COHOS  SuppLy 

Center 

26-30 

15 

HIUM  (6) 

H .  CONOS  supply 

Center 

31-35 

15 

HILIM  (7) 

Not  Osed 

36-40 

15 

HILIM  (8) 

Hot  Osed 

41-  45 

15 

HI  UM  (9) 

ICP  (Osually  sua 

of  HILIM (4, 5, 6) 

ires  21.  EaUi  saei-  (2eli2e  i) 

This-  card  uses  exactly  tha  saae  forsat  as  the  preceding  card 
except  the  variable  now  is  the  activity's  reorder  point. 
This  card  will  follow  iaaadiataly  behind  Card  27. 


£&£&  Mtee  22-  SiaL  Uaii  <o&£Ue.  1) 

When  read  option  2  is  in  effect,  high  liaits  and  reorder 
points  aust  be  individually  input  for  all  ships  and  activi¬ 
ties  in  the  simulation.  Cards  29  and  30  will  follow  a 
complete  set  of  Supply/Repa irable  Information  Cards. 

Use  one  High  Limit  Card  (Option  2)  for  each  activity  in 
the  simulation  starting  with  the  lowest  numbered  ship  and 
preceding  through  the  highest.  After  all  ships  have  been 
entered,  Enter  the  remainder  of  the  activities  in  the 
following  order:  W. Coast  MLSF;  E. Coast  HLSF ;  WESTPAC 

Overseas  Depot;  E. CONUS  Supply  Center;  i.  CONUS  Supply 
Center;  E.  Repair  Facility;  V.  Repair  Facility;  ICP. 


Fosaat 

Variable 

Mil  Description 

1-5 

15 

HILIH(I)  High  limit  for  Equipment  Type 

1. 

6-10 

15 

HI  119  (2)  High  limit  for  Equipment  Type 

2. 

11-15 

15 

HI  LIN  ( 3)  High  limit  for  Equipment  Type 

3. 

e 

• 

Continue  same  format  to: 

76-80 

15 

HIIIM  ( 16)  High  limit  for  Equipment  Type 

16. 

Note: 

Entep  : 
si  mu  .La- 
use  as 

high  limits,  for  each  equipment  type  in  , 
tion.  If  tha  number  of  types  exceeds  16 
many  cards  as  needed  ia  same  format. 

t 

Card  Type  30.  Reorder  Point  Cjrd.  (Dot ion  2) 

Reorder  Point  Cards  (Option  2)  follow  immediately  behind 
Card  Type  28  for  each  activity.  These  cards  have  exactly 
tha  same  format  as  Card  Type  29  except  the  variable  here  is 
the  activity's  reorder  point. 
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£0C&  ZlBi  11-  OllSE  &&£  5&i£EiU3.  Ul§:  SiriE  to  gg£§i£. 

The  following  three  cards  refer  to  the  shipping  tines 
between  the  various  activities.  This  card  inputs  the  tise 
required  to  send  a  carcass  fro*  a  given  ship  location  to  the 
nearest  repair  facility. 


Variable 

££ZB&£  Jaie  Be§2£iEiioa 

OSTS R  (1—3»  . ref ers  to  West  Coast 
ships  sending  carcasses  to 
the  West  Coast  repair  facility. 

1-7  F7. 0  OSTSR(I)  Shipment  ti*a  fro*  ship  in  CONQS. 

8-14  F7.0  OS  1SR  (2)  Shipaent  tiae  froa  deployed  ship 

without  MLSF  support. 

15-21  F7.0  OS TSR (3)  Shipment  tine  froa  deployed  ship 

with  MLSF  support. 

OSTS  R (4-6)  refers  io  ships  stationed 
on  East  Coast  sending  carcasses  to 
East  Coast  (C9N0S)  repair  facility. 


m 


B:8 


OS  iSR 
OS  TSR 


36-42  F7.0  OSTSR  (6) 


Shipaent  time  from  ship  m  CONIJS. 
Shipment  time  from  deployed  ship 
without  MLSF  support. 

Shipaent  time  froa  deployed  ship 
with  MLSF  support. 


Card  Type  32.  Order  aqd  Ship  £ime:  Manufacturer. 

This  card  is  used  to  input  shipping  times  from  the  manufac¬ 
turer  to  all  other  activities  in  the  supply  network.  Note 
that  these  times  are  independent  of  procurement  lead  times. 


Variable 

£ol  ai n  FaElSt  JSftlfi 


1-7 

F7.0 

OS  TM 

I1) 

8-14 

F7.0 

OS  TM 

2' 

15-21 

F7.0 

OS  TM 

3} 

22-28 

F7.0 

OS  TM  | 

4 

29-35 

F7.0 

OS  TM 

;5 

36-42 

F7.0 

0STM< 

6 

m  t 

B:« 

OS  TM 
OSTHI 

'7 

8 

57-63 

F7.0 

OS  TM 

9 

64-70 

F7.0 

OS  TM  | 

10 

71-77 

F7.0 

OS  TM 

11 

thout  MLSF 


W. Coast  ship  overseas  with  MLSF 


E. coast  ship  m  CONOS 

E. Coast  ship  overseas  without  a 


E. Coast  ship  overseas  with  MLSF 
w. Coast  MLSF 
E. Coast  MLSF 


MLSF 


WEST PAC  overseas  depot 
S. Coast  supply  center 
W. Coast  supply  center 
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£&£  Hess  2e4«e  ni  SkiEEiaa  xiasa* 

A  total  of  eight  order  and  shipping  cards  will  be  input, 
each  refering  to  a  shipping  activity.  The  entries  on  each 
card  are  of  the  exact  saae  foraat  as  Card  Type  34,  and 
represent  the  order  and  shipping  tiaes  froa  the  shipping 
activity  to  a  destination  activity  (as  above).  Note  that  it 
is  clearly  inappropriate  for  soaa  activities  to  ship  to 
others  (e.q.,  MISF  tc  supply  center).  In  these  cases,  no 
entry  is  required.  Cards  must  be  input  in  the  following 
order: 

Card  33.  W. Coast  MLSF 

Card  34.  W.ccast  ovarseas  depot 

Card  35.  W.ccast  supply  center 

card  36.  W. Coast  repair  facility 

Card  37.  E.  Ccast  MLSF 

Card  38.  **  clank  Card  ** 

Card  39.  E. Ccast  supply  center 
card  40.  E. Ccast  repair ' facility 


1  ! 


Card  Type  41.  Qjrt^pnal  Qaifiut 

These  are  special  TXGBH  options  that  have  not  beer,  discussed 
in  this  report.  They  are  included  here  for  information 
only.  For  details,  consult  the  TIGER  Manual.  The  card  may 
be  oeitted. 


Variable 

£2iUl&  ££!&&&  Mfi 


1-4 


5-8 


A  4 


A4 


SPES 


APFL 


2&I2iiEtion 

Plare  any  aloianumeric  in  this  field 
if  a  table  or  spares  usage  is 
desired.  Note:  will  not  be  printed 
if  METEOR  is  being  run. 

Flare  any  alphanumeric  in. this  field 
if  a  summary  table  of  equipment  tnat 
caused  mission  failures  ana  system 
downtimes  is  desired. 


Plare  any  alphanumeric  in  this  fieid 
ir  the  gamma  distribution  output  is 
desi  red. 


9-12  A4 


GMKA 


Saiaple  HEIEoa  Input  file 
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Saaple  Input  Pile  (con't) 
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4EESIMX  S 

VARIABLES  OSBD  IN  BET BOR 


Table  III  provides  a  description  of  the  variables  used 
by  the  MULTE  unit  of  BETE3R ,  its  associated  subprograms,  and 
those  variables  inserted  in  TIGER  that  interact  with  BOLTS. 
Reference  5,  Appendix  B,  provides  a  similar  listing  for 
those  variables  unique  to  TIGER.  Note  that  the  FORTRAN 
variable  naming  convention  is  not  necessarily  adhered  to 
with  BOLTS  variables.  Variable  type  is  noted  in  the  listing 
that  follows. 


TABLE  III 
Variable  Listing 


Variable 

Haas  iim  D§s£ti£ii2a 


A 

B 

Bandom  number  array. 

AAD V (i,1) B 

Average, dollar  value  of  inventory  per  mission 
tor  equipment  i,  echelon  i. 

AA3TV 

B 

Total  average  dollar  value  of  inventory. 

AATDV  (i) 

B 

Average  dollar  value  of  inventory  at 
echelon  i. 

ACT 

I 

Activity  number  designation. 

ALFA1 

B 

Gamma  distribution  shape  parameter 
(repair  time!  . 

ALFA2 

B 

Gamma  distribution  $haoe  parameter 
(procurement  lead  time) . 

ASAVA 

B 

Average  equipment  availability  per  mission, 
per  snap. 

ASBEL 

B 

Average  eguipment  reliability  per  mission, 
per  ship 

AVASS  (i) 

B 

ml«i^<?n  p^i***”^*^1*^  Psr 

* 

COAST 

I 

=  1  (West)  ;  a 2  (East)  . 

CBAB 

B 

Carcass  return  attrition  rate. 

CTIME 

B 

Current  time. 

DELOH  (i) 

I 

Change  in  on- hand  gty  at  level  i,  during 
current  call  to  H OlTE. 

DESTN 

I 

Shipping  destination  of  material. 

DNOM 

I 

Activity  designator  of  activity  with  minimum 
due- in  time. 

DTI  ME 

B 

Calculated  due-in  time  for  current  requi¬ 
sition  in  process. 

DTDT 

I 

Total  nr.  of  due-in's  established  for  stock 
during  current  call  to  MULTE. 

'  \ 

DTSS1  (i) 

a 

Sunning  downtime  of  hardware  system  on 
ship  i  during  current  phase. 

DTSS2  (i) 

B 

Sunning  downtime  of  hardware  system  on 
ship  i  during  mission. 

DUEA  (i) 

i 

Activity  designator  of  due-in  nr.  i. 

DOES  (i) 

i 

Equipment  type  of  due-in  nr.  i. 

i  i 

DDE  N 

i 

Total  number  of  due-in's. 

l  \ 
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D0EQ  (i) 

I 

Quantity  due  in  on  due-in  nr.  i. 

DOSS 

I 

Due  in  material  which  is  available  at, the 
current  time.  Added  to  on-nand  quantity. 

DUBT(i) 

R 

Du e- in  tine  on  due-in  ar.  i. 

ECH 

I 

|chelon:  1-MLSF;  2-Depot;  3-Center;  4-Repair; 

ECO  ST  (i) 

R 

Cost  of  equipment  type  i 

EHOSS 

I 

End  use  activity  designator. 

EQTYP 

I 

Equipaent  type  nuaber. 

ER3  (I) 

I 

Econoaic  repair  quantity  for  equipaent  i. 

HILIM  (i. 

j)I 

Inventory  high  limit  at  activity  i, 
for  equipaent  type  j. 

IA 

I 

Issuing  activity. 

IASRT 

T 

SSK  of  activity  issuing  end-use  requireaemt. 

IDO  EJ  (i. 

j)  I 

i  =  1  SSN  <?f  ordering  activity 

*  2  Due-ia  tiae  at  ordering  activity 

*  3  SSN  of  issuing  activity 

j  *  Sequential  number  of  due-in's  established 
during  current  call  to  HULTE. 

I  FLAG 

I 

Indicator  variable. 

IOPTI 

I 

Input  option. 

IOPTM 

I 

Multi-echelon  supply  simulation  option. 

IOPTP 

I 

Print  option. 

IOPTP1 

I 

Print  option. 

IP(i,  j) 

I 

Inventory  position  of  activity  i,  for 
equipment  type  j. 

IRC 

I 

Requisition  channel  indicator. 

*  T  CONUS  operation? 

*  2  Overseas  operations  without  MLSF 

*  3  Overseas  operations  with  MLSF 

ISHIP 

I 

Ship  (subsystem)  identification  number. 

ISSUE 

I 

Issue  quantity  for  this  requisition. 

ITEM  A 

I 

Activity  nuaber. 

ITEHP 

I 

Teaporary  variable. 

ITEHQ 

I 

Quantity  reqaired. 

ITEHSS  (i)  I 

Indicates,  if  current  mission  has  been  aborted 
for  ship  i.  ■  0  (no)  ;  *  1  (yes). 

ITS  SR 

I 

Total  nr.  of  missions  run. 

IX- 

I 

Randoa  nuaber  seeds. 

IXD  (i,  j) 

I 

Initial  provisioning  lavel  for  equipaent 
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K  I 

KEQ  I 

KH1  I 

KB  I 

L  I 


LEQNR  (i)  I 
LEVEL  (1)  I 


MAX  0  I 

MAXEQ  I 

MAX  SS  I 

MFLA6  I 

MIS  B 

MPLT(i)  R 

MRKi)  R 

HSD  R 

MSDT  R 

MULTC  I 

N  I 

NEED  I 

0 

NISS(i)  I 

NIST*  I 


NMFR  (i,  j,  k)  I 

NMFE  (i,  k)  *1 

HHFL(j,k)*I 

NHFT(k)*  I 
NW«  <i,j,k)*I 

NNNE (  j,k) *1 
HNNL  (i,k)*I 


i,  at  echelon  j. 

Counter. 

Failed  coaponent  (passed  from  TIGER)  . 

K  ainus  1 

Counter 

Counter 

Last  equipment  nr.  on  ship  i. 


i 


mls: 


when,  SSN 


*•  i  » j  | 

3  (Depot) 


:  m2 

=  33 
*  34-35 


Center) 

Maximum  due-in  vector  size  (1000). 

Maximum  nr  of  equipment  types  (200)  . 
Maximum  nr  of  sybsystsas. 

Signals  start  of  new  mission. 

Minimum  (Due-in  time  +  OST). 

Mean  procurement  lead  time  equipment  i. 
Mean  repair  time  equipment  i. 

MLSF  screening  delay. 
hlsf  screening  delay  time. 

Nr.  of  calls  to  MOLTS. 

Temporary  variable  for  ORACT(l). 

Stock  point  deficiencies  for  repairables. 
Nr.  of  issues  of  ship  stock  for  equipment 
Total  nr.  of  issues  froa  ship  stock. 


Nr.  of  equipments,  i,  procured  from 
manufacturer  for  level  j;  where, 
k  =  1  Nr.  of  procurement  actions 
k  *  2  Nr.  of 


procure]  _  _ 
items  procured 


Nr.  of.  equipments,  i,  procured  from  mfr. 


K  as  a  bo 


!r.  of  equioaents 
evel  j.  K‘  as  abo 


_  procured  from  mfr  for 

j.  K  as  above. 


Total  nr.  equipments  procured.  K  as  above 

j;  where. 


Nr.  of  demands  at  i,  for  equ 
k  •  1  Total  number  of  deman 


Number  NIS  demands 


Number  Not  Carried  demands 
Nr.  of  deiands  for  equipment  j.  K  as  above 
Nr.  of  demands  at  level  1.  K  as  above. 


NNNT(K)  *  I 
NBA*  I 

NRF(i,j,k)I 


NHFE  ( j,k)  *1 
KRFL  (I,  K)  *1 
NFRT  (K)  *  I 


NBRT*  I 

NRSHPS  I 

NSHIP  (i,  j)  *1 
NSPT*  I 

NTT  I 

NUNSS  (i)  I 

ONHND  (i,  j)I 

OQICP  I 


OQREQ  (i)  I 
ORACT(i)  I 
ORDER  (i)  I 
OROQT(i)  I 

OST _  R 

OTIKE  R 
PLT  R 

QTYD  I 

RELSS  (i)  R 

REORD  (i,  j)I 
REQN  I 

RESON  (i)  I 
RORD  I 

HP  I 

BPAXR(i)  X 


Total  nr.  of  ddaands.  K  as  above. 


Total  nr.  of  carcasses  lost  through  attrition. 

Nr.  of  eguip,  i,  inducted  by  repair  facilities 
for  level  ?;  where, 
k  *  1  Nr.  of  inductions 
k  »  2  Nr.  of  itaas  repaired 

?r.  equipments  inducted  by  repari  facilities 
or  level  j.  K  as  above. 


gr.^^u^peents,  !,  inducted  by  repair 


facaj 


K  as  above. 


Total  nr.  equipments  inducted  for  repair. 
K  as  above. 


Total  nr.  items  turned  in  to  repair  facility. 
Total  nr.  of  ships  in  simulation. 

Nr.  of  shipments  from  i  to  j. 

Total  nr.  of  shipments  during  mission. 

Nr.  of  equipment  types  being  simulated. 

Ship  (subsystem)  nr.  of  ship  i. 
On-hand^uantity  of  equipment  type  j. 

System  stock  deficiency  at  ICP. 

Stock  deficiencies  at  ICP  stock  points. 

SSN  of  ordering  activity,  requisition  i. 
order  quantity  for  stock  at  ICP  stock  points. 
Order  quantity  on  requisition  i. 

(See  below). 

CTIHE  of  last  call  to  KOLTE. 

Procurement  lead  time. 

Quantity  due. 

Average  equipment  reliability  for  ship  i 
per  mission. 

Reorder  level  for  activity  i,  equipment  j. 

Nr.  of  requisitions  currently  in  system. 

*1  -  end  use;  *2  -  stock,  for  requisition  i. 
Quantity  to  be  repaired. 

Issuing  repair  facility. 

For  equipment  i,  »  1  -  repairable  equipment 

*  2  -  consumable  equipment 

Repair  time. 


BTIHE 


R 


SHIPS 
SHP81 
S  HP  S 


I 

I 

I 


SHLOC 

SRT 

SRT1 

SSADT 

SSN 

SSRT 


I 

R 

R 

B 

I 

R 


ST 


R 


SUMXD  (i,  j)  R 


T 

TO 

TOTAVA 
TOT R EL 
TPS 
TMSN 

UPUSS  (i) 
XCUMSS  (i)  R 
XD(i,j)  8 


XT(i) 

XG 


a 

R 


Shipping  activities  address. 

Shipping  activities  address. 

SSN  of  activity. whose  3tock  due-in  is 
diverted  to  rill  end  use  requirement. 

Ship  location  (see  beolw)  . 

Supply  response  tine. 

Teap  holding  variable  for  SRT. 

Ship*s  continuous  allowable  downtime. 

Activity  identification  nauber  (see  below). 

?h ip  supply  response  time  (time  required  to 
Ill  own  requisition  from  shipboard  stock). 

Shipping  tiae. 

Current  onrhand  inventory  level  for 
equipment  1,  at  echelon  g. 

Due-m  tiae  plus  OST. 

Level  of  requisitioning  activity. 

Summation  of  shipboard  availabilities. 

Suaaation  cf  shipboard  reliabilities. 

Tiae  per  aiseion. 

Real  value  for  total  nr.  of  missions. 

Total  system  uptime  for  ship  i. 

Total  number  of  successful  missions  for  ship  i 

Initial  inventory  investment  for  equipment 
type  I,  at  echelon  j. 

Initial  inventory  investment  at  echelon  i. 
Initial  inventory  investment. 


Indicates  that  when  this  variabLe  is  proceeded  by 
it  represents  an  average  value  based  on  the  total 
of  missions  run. 


an  1  A1 


nr. 


The  configuration  requirements  of  TIGER,  require  each 
subsystem  (ship)  be  assigned  a  unique  number.  HULTE  will 
require  that  ship's  on  the  Nest  Coast  be  assigned  numbers 
870-384,  and  those  on  the  East  Coast  885-899.  A  corre¬ 
sponding  SSN  (1-30)  will  be  assigned  internally  to  each 
ship.  SSN' s  31-38  are  assigned  to  each  of  the  other  activi¬ 
ties  in  the  supply  network. 


Each  ship  is  assigned  a  ship  location  based  on  its  coast 
and  the  requisition  channels  assigned  by  IBC.  The  ship's 
location  will  deteraine  which  order  and  shipping  time  is  to 
be  used.  There  are  three  order  and  shipping  time  variables. 


OSTSB  (i)  Proa  ship  location  i ,  to  repair  facility 

cn  corresponding  coast. 

OSTM(i)  Proa  manufacturer  to  location  i. 

osr  (i, 1,k)  Proa  coast  i.  echelon  k,  to  location  j. 
where,  k  *  1  -  HLSF 
k  a  2  -  Depot 
k  =  3  -  Center 
k  *  4  -  Manufacturer 


Table  IV  displays  the  various  designators  assigned  to  activ¬ 
ities  in  MULTE. 


TABLE  IV 

Activity  Designators 


Designator 


Activity 

ISHIP 

SSW 

DESTN 

LEVEL 

ECHELON 

West  coast  ships 

873-884 

1-15 

1-3 

1 

« 

East  coast  ships 
MLSF : 

885-899 

16-33 

4-6 

1 

— 

lest 

- 

31 

7 

2 

i 

East 

- 

32 

8 

2 

i 

Depot  (West) 

- 

33 

9 

3 

2 

Su|pl^  centers: 

34 

10 

4 

3 

West 

Repair  facility: 
East 

— 

35 

36 

11 

12 

4 

3 

«■ 

— 

— 

West 

- 

37 

13 

— 

— 

Manufacturer 

- 

38 

14 

- 

- 
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B  E  TEO B/HOL TB  PROCESS  FLOB  CHART 

The  process  flow  charts  which  fallow  are  provided  as  an 
aid  to  the  potential  user  in  understanding  how  the  aulti- 
echelon  supply  systen  has  been  modeled.  A  similar  flow 
chart  for  the  TIGER  portion  of  METEOR  can  be  found  in  the 
TIGER  Manual  (page  A3). 


Flowchart;  MULTE  Initialization 


AD-A127  898  METEOR:  A  TOOL  FOR  EVALUATING  MULT  I -ECHELON  INVENTORY  $/* 
MODELS  AND  MATERIAL  READINESS! U )  NAVAL  POSTGRADUATE  6  * 

SCHOOL  MONTEREY  CA  T  A  BUNKER  MAR  83 


UNCLASSIFIED 


F/G  15/5 


NL 


MICROCOPY  RESOLUTION  TEST  CHART 

NATIONAL  BUREAU  OF  STANDARDS- 1 963- A 


Establish 

Stock 

Requisition 


Flowchart:  MLSF  Issue  and  Reorder  Process 


Issue 

MIN (On-Hand, 
Order  Qty) 


Establish 
SRT  For 
Ordering 
Activity 


Increase 

On-Hand 

Quantity 


Add 

MLSF  Screenir. 

Delay  Time 

To  SRT 

Add  MLSF 
Screening 
Delay  Time 
To  SRT 


o 


Establish 
Due-In  at 
Ordering 
Activity 


Reduce  Reqn 
Qty .  Keep 
Requisition 
in  Queue 


Flowchart:  Depot  and  Supply  Center  Issue  Process 
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Flowchart:  ICP  Redistribution  and  Reorder  Process 


ZC?  Rafarral  and 
Haordar  Prociu 


Iaaua 

HIH< On-Hand, 
Ordar  Qty) 


© 


Establish 
Dua-In  at 
Ordaring 
Activity 


Establish 
SRT  at 
Ordering 
Activity 


* 
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APPENDIX  E 


s^gJPLE  METEOR  OUTPUT 


(Event  Driven  Output) 


SUP  SCy^Se* 


A  AT  TIME 


cnc  use  requirement  fillec  sv  ssn  i*.  supply  response  tips  is« 

ORDERS  POP  JTCCK  MERE  GENERATBC  AS  FCLLCMSl 

REQUISITICNOP(SSN)  OUE-IN  AT  TINE  ISSUEO  FRGNtSSNI 


«ibSf?fccfw*?H4a?SKcXT5S  s3p5fvsS«ioisr  TW£  .ie7' 

BNC  USE  REOUIREMENT  FtLLEC  6V  SSN  35.  SUPPLY  RESPONSE  TIRE  ISt 
OROERS  POR  STOCK  WERE  GENERATES  AS  FCLLQMSt 

REQUlS IT  ICHOR I SSN I  OUE-IN  AT  TIRE  ISSUEO  FRCNISSNt 
35 


«irT?cc?N£?Huj  Pf1llcJTPI  supSly*a 


A  AT  TINE 


(NO  USE  RECUIRERENT  FILLEC  RY  SSN  34.  SUPPLY  RESPONSE  TIPS  ISl 
NO  OROERS  PC*  STOCK  RESULTEO  FPCR  THIS  ISSUE. 


KIbK!cc;N£?t!ip?!ScIT!;S  s!pS?YSAHMst 


A  A*  TINE 


CNC  USE  REQUIREMENT'  FILLED  RV  SSN  35.  SUPPLY  RESPONSE  TIRE  ISt 
NO  OROERS  FCR  STOCK  RFSULTEO  FACN  THIS  ISSUE. 


of  equipment  type  2  cn  snip  it  at  tine  334. 

RESULTEC  in  THE  FQLLCMING  SUPPLY  ACTIONS: 

BNO  USE  REQUIREMENT  FILLED  *V  SSN  IA.  SUPPLY  RESPONSE  TIRE  ISt 
OROERS  POR  STOCK  MERE  GEN ERATCC  AS  FCLLOMSt 

RCQtf  tSITICNORC SSNI  OUE-IN  AT  TINE  ISSUED  FRONISSN) 


FAILURE  OF  BOUlPxEAT  TYPE 
RESULTEO  IN  THE  FOLLCMINC 


l  CN  SHIP  I  AT  TINE  3 TO. 
SUPPLY  ACTIONSi 


ENC  USB  REQUIREMENT  PILLEO  8V  SSN  1.  SUPPLY  RESPONSE  TIRE  ISl 
ORCERS  FOR  STCCK  HERS  GENERRTCO  AS  PCLLCMSi 

RSOUIS IT ICKORf SSN I  OUE-IN  AT  TINE  ISSUEO  FPONISSNI 


R|tl^TfCCIN,TH{Pp5lLCMIP£  SUPPLY  A*?  10*5 1  ™  ”7' 

PNO  USE  REOUIRCRENT  PILLEO  BY  SSN  1.  SUPPLY  RESPONSE  TIPE  ISt 
OROERS  POR  STOCK  MERE  SEN ERATCC  AS  FCllCkl: 

REOUIS IT IOAOR ISSN t  OUE-IN  AT  TIRE  ISSUEO  FRQNtSSNI 


Sample  Summary  Output 


DATA  SUMMARY!  HLLTt-EChSLCN  SUPPLY  SYSTEM 

su48A«^JI??T7{!sig?se2n2  H'MBfti  BMB'Wttuiai.. 


t.  PROCUREMENT  COSTS 

ECPCLC*  SUMMARY 

SHIPP EO  PROP  NPR  TC! 

SHIPS 

MLSP 

DEPOT 
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HETEOB  PROGRAN  LISTING 

The  program  listing  which  follows,  includes  portions  of 
the  TIGEB  simulation  and  the  complete  multi-echelon  supply 
program  listing.  Only  the  TIGER  mein  program,  and  those 
subprograms  changed  as  a  result  of  SETEOR,  are  presented. 
The  major  changes  to  TIGER  are  as  follows  when  rlie  multi¬ 
echelon  supply  option  is  in  effect: 

a)  Deletion  of  the  TIGER  logistics  system  and  associated 
input  paramenters  in  subroutines  TTE  and  PACK  respec¬ 
tively. 

b)  Call  statement  to  subroutine  tiULTE  in  TIGER  subroutine 
TTE. 

c)  Call  statement  to  subroutine  NSTAT  {supply  system 
statistical  summary)  #in  TIGER  main  program. 

d)  Additional  read  statements  for  supply  system  parame¬ 
ters  in  TIGER  sain  program. 

e)  Computation  of  equipment  related  performance-  measures 
in  TIGER  main  program  and  subroutine  RUN. 
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